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Foreword 


Practical Antennas for the Radio Amateur was developed to fill 
a need for a “down to earth” manual describing how to go about 
equipping an amateur station with a suitable antenna. On-the-air 
operation is the goal. The scope of this work is designed to aid 
not only the experienced amateur operator but the newcomer as 
well. Because sophisticated technical data and antenna theory 
exists in abundance elsewhere, it has been purposely omitted here. 


A wide range of antenna topics, systems, and accessories are 
presented. The objective is to give the reader some food for thought 
as well as practical data for construction. We encourage interested 
amateurs to offer suggestions and comments so that we may develop 
future revisions to keep pace with the needs of the radio amateur 
hobbyist. 
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Chapter 1 


The Antenna-— 


A Common Element 


in Every Station 


‘Te world-wide Amateur Radio community has a common field of 
interest. It’s almost universal. Antennas. Everyone has some know- 
ledge of them because they are needed to communicate via Amateur 
Radio. Indeed, the antenna is an essential part of every station. 

Two primary functions are served by the antenna system. First, 
it captures energy radiated by other antennas. In conjunction with 
the feedline, it provides a signal to the station receiver for detec- 
tion of the information content. The second primary function of an 
antenna is to radiate energy. Being able to transmit as well as receive 
allows us to communicate. 

Why is the subject of antennas so popular among hams? Could 
it be the technical aspects of their operation? Or is it the perfor- 
mance of one system as compared to another? While both are true, 
the one thing keeping everyone’s interest is the aura of “black mag- 
ic.” No two antennas ever work the same way. And the variations 
of any design are endless. 

For most nonengineering ham hobbyists, understanding the 
pure theory of why a particular array works is less important than 
learning how it performs. The engineering heavyweight and the lay- 
man alike can have fun experimenting with antenna systems. 


The most popular unreal antenna is the isotropic radiator. It doesn’t 
exist. It is a theoretical antenna in free space (outer space) which 
radiates equally in every plane from one point source. Engineers and 
textbooks use them as a reference point for comparison with real an- 
tennas over the earth. 

Actual antennas don’t work like an isotropic radiator. They 
have directional characteristics. They always radiate energy in some 


“For most nonengineering 
ham hobbyists, under- 
standing the pure theory 
of why a particular array 
works ts less important 
than learning how it per- 
forms.” 


Real and Unreal Antennas 
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‘When we measure points 
of equal intensity from a 
given antenna, we develop 
what is known as the an- 
tenna pattern.” 
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a ry 
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directions better than in others. When we measure points of equal in- 
tensity from a given antenna, we develop what is known as the an- 
tenna pattern. 

There are two basic types of patterns normally used to describe 
radiation from an antenna. The horizontal pattern runs parallel to 
the earth’s surface and may be visualized by “looking down from 
above.” See Fig. 1. The vertical pattern is often referred to as the 
angle of radiation — a line drawn through the strongest points of the 
pattern as it relates to the earth’s horizon, as shown in Fig. 2. Here’s 
a key point to remember: The horizontal pattern of an antenna is de- 
veloped by the placement of elements or the mechanics within the 
antenna itself. The vertical angle of radiation is influenced mostly 
by the height above ground. While it is true that one can change the 


DIRECTION OF RADIATION————> 


Fig. 1 — A three-element gain antenna pattern as viewed from above. 


MAXIMUM RADIATION —————> 


Fig.2—A three-element gain type of antenna has an angle of radiation with 
Tespect to the horizon as “A” above. This view is from the side of the antenna. 


vertical angle of radiation for a horizontal antenna by using exotic 


networks and several antennas, it requires the finances of government 
or commercial broadcasting. 


The ability of an antenna to discriminate against energy coming from 
a particular direction or to develop power gain are key features 
which should be used to best advantage. Many amateurs place power 
gain at the top of their priority list. It’s quite natural: The stronger 
your transmitted signal is, the easier it is to communicate. And there 
is some ego satisfaction in being strong rather than weak. Some ama- 
teur operators contend that antenna gain directly relates to the dis- 
tance over which communications can occur. This isn’t quite true. 
There are other factors in system design which are equally important 
to power gain. Front-to-back ratio (antenna discrimination against 
signals coming from the rear) can permit one to “hear” signals ar- 
riving from the desired direction that he may not otherwise detect. 
And because the angle of radiation determines the skip distance, it 
can be far more important than power gain if your objective is to 
communicate over long distances. 

An antenna isn’t just the mechanical assemblage of parts placed 
in the backyard to radiate a signal. It must be viewed as a composite 
interrelationship between the hardware, the arrangement of the ele- 
ments, the height above ground and the proximity of nearby objects. 
First we'll discuss the various common types of antennas used today. 


Then we will establish a set of guidelines to help choose the right one 
for a particular situation. 


Literally thousands of different antennas are in use by radio ama- 
teurs around the world. Describing all of them isn’t possible. Pre- 
sented here and in the following chapters are those which are typical 
of basic designs. For readers interested in broadening their know- 
ledge beyond the scope of this book, a generous amount of refer- 
ence material is given in Chapter 13. 

One of the simplest antennas commonly used today is called a 
random-length long wire. It consists of an unspecified length of wire 
extending from the transmitter to some convenient point, usually 
100 feet or more away. Fig. 3 shows a typical installation. 

Slightly more complicated than the long wire, but certainly not 
difficult to construct or erect is the half-wave dipole. More dipoles of 
one kind or another are used for transmitting and receiving than all 
other types of antennas combined. A center-fed dipole is an electri- 
cally resonant circuit which accepts energy via a transmission line 


Why Be Concerned with 
Patterns 


Categories of Antennas 
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Fig. 3— A random long wire is 
an antenna of almost any 
length, usually 100 feet or 
more, which runs from the 
transmitter to a nearby support 
such as a tree. The wire needs 
to be insulated from any ob- 
jects. An antenna tuner is need- 
ed for this configuration. See 
Chapter 9. 


Fig. 4 — The center-fed dipole 
is the most commonly used an- 
tenna in Amateur Radio. The 
length “L”’ may be calculated 
from the formula: 


Length = 468 
Freq. 
When 50- or 70-ohm coaxial 


cable is used, it may be con- 
nected directly to the trans- 
Mitter. 


10 ~— Chapter 1 


from the transmitter. See Fig. 4. A simple formula may be used to 
determine length “L” or, for some bands of operation, Table 1 in 
Chapter 4 will suffice. 

Variations of the dipole and long wire are explained in later 
chapters. Among them are vertical dipoles, inverted “‘V” systems, 
folded dipoles, slopers and “V” beams. When additional elements are 
included with an antenna system to achieve power gain, the dipole is 
usually the main or driven element. At frequencies of 14 MHz and 
higher, it is practical to construct a dipole from aluminum tubing 
which may be held in place by a single support at the center. For 
those amateurs living in mild climates and having a keen mechanical 
aptitude, aluminum-tubing dipoles (73-feet long) are a possibility on 


40 meters. 
Quarter-wavelength vertical antennas are popular for a number 


of reasons. Under certain circumstances they may be constructed 
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from aluminum tubing and mounted directly at ground level. The ra- 
diating element is vertical rather than horizontal so maximum radia- 
tion of a signal will be concentrated in the lower wave angles with re- 
spect to the horizon — a definite plus factor if long-distance DX com- 
munications is desired. A ground-plane antenna is similar to a vertical 
except it simulates ground with wire or tubing radials and is mounted 
above the earth. Both the ground-plane and vertical are shown in Fig. 
5. The single most important feature of a vertical antenna is the 
amount of real estate required to erect it. Verticals create almost no 
impact on a small backyard. 

Wire loops are becoming commonplace. Usually these appear as 
full-wavelength long closed loops of wire. When configured in the 
shape of a square or diamond, they are frequently referred to as quad 
loops (four sides). If three sides are used in the form of a triangle, 
they are called delta loops. Diagrams are given in Fig. 6. 

When more than one wire is used in a system, the purpose is to 
achieve power gain. These additional wires may be fed energy direct- 
ly from the main element or may operate by parasitic excitation. 
Parasitic elements receive radiated energy from the main element 
(driven element) and reinforce the signal in some directions while 
cancelling it in others. Of special interest is one wire antenna called 
the “ZL-Special.” It features good power gain, small physical size 
and for 20 meters and higher, it is suitable for lightweight construc- 
tion techniques. Two-element quad antennas are also very popular 
but as a rule are fragile and not recommended for extremely harsh 
climates (unless some unusual precautions are taken). The hardiest 
and most practical gain antenna for 20, 15 or 10 meters is the three- 


Fig. 5 — Both the vertical and ground-plane antennas consume little space in the 
backyard. In some cases, the vertical may need buried radials. See Chapter 5 for 
details. The ground plane may be mounted on some convenient support. 
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Long-boom Yagi antennas are 
used when high gain and di- 
rectivity are needed. Shown 
here is a 7-element, 10-meter 
array stacked over a 6-element, 
15-meter beam. This system 
places considerable stress on 
the rotator. This system is lo- 
cated at WA1MAO. 
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element Yagi constructed from aluminum tubing. Most antennas 
used at VHF (6 meters and above) follow the parasitic Yagi format 
but the number of elements is usually far greater than three. Typical 
power-gain systems are given in Fig. 7. 

Vertical antenna systems containing two or more elements have 


Fig. 6 — Diamond, square, and delta-loop configurations. See Chapter 4 for 
dimensions. 
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DELTA LOOP FROM TWO SUPPORTS 


Fig. 7 — (A) Two-element wire beam. Note antenna wires are parallel to each 
other and perpendicular to the support rope. (B) The ‘’ZL-Special”’ is a wire an- 
tenna which may be mounted either in a horizontal or vertical format. (C) A 
two-element quad is usually built from fiberglas poles and wire. Bamboo poles 
are sometimes used in mild climates. (D) Three-element Yagi made from alumi- 
num tubing. Only one support is needed and antenna rotation is accomplished 


easily. (E) Phased verticals are popular in places without supports and limited 
real estate. 
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Stacking more than one an- 
tenna on a tower is possible. 
Here, WA1MAO carries the 
concept to an extreme! But it 
all works. 


Chapter 1 


many benefits especially on 40, 80 and 160 meters. Much work has 
been done in this field over the years. The bibliography in Chapter 13 
gives an in-depth list of articles which have appeared in popular mag- 
azines during the past ten years. A vertical antenna is desirable on 
the lower frequency bands if DX contacts are of prime interest. The 
low angle of radiation typical of verticals is very difficult to attain 
with horizontal antennas because of the height-above-ground require- 
ment. Good low-angle performance on 40 meters usually requires a 
tower height of 100 feet or more while 80 meters might require 150 
feet. Half-wave elements on 40 meters are nearly 70 fect long while 
quarter-wave vertical elements for the same band are only about 34 
feet. Ground-mounted 34-foot long elements are far more practical 
than 70-foot long elements mounted on a 100-foot tower! Double 
those dimensions for 80 meters and the problems are obvious. 

Multiband antennas have taken a substantial foothold in Ama- 
teur Radio. While considered by some to be an inefficient compro- 
mise way to operate on several bands with one antenna, the triband 
beam or trap doublet is very difficult to beat for convenience and 
reliability. Large single-band antenna systems designed for a specific 
narrow band of frequencies will usually outperform any multiband 
antenna with a similar number of elements. However, installing sev- 
eral single-band arrays may not be practical or cost effective. 

Most multiband antennas use traps. The principle is simple. A 
tuned circuit is strategically placed in each of the antenna elements 
to impede the flow of energy for specific bands of frequencies. A 
circuit diagram for a typical HF triband antenna is given in Fig. 8. 
Traps are used on the lower frequencies as well. Two-band 80/40- 
meter dipoles have been the subject of many Novice articles pub- 
lished in magazines. In fact, there are a number of manufacturers 
producing antennas with a trap configuration to allow operation on 
any of the HF amateur bands, 80 through 10 meters. Traps are rarely 
used at VHF. 


Fig. 8 — Circuit diagram for a three-band antenna using traps. 
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Another category of antennas worth mentioning are those for 
portable and mobile work. Interest has developed in these as a result 
of a fluid society. Many amateurs have as their only operating phase 
of the hobby a transceiver mounted in their automobile. Others of us 
live in apartments or like to carry our hobby on vacation while 
traveling. Some “‘trick”’ antennas for this category are given in Chap- 
ter 7. 

Our discussion wouldn’t be complete without mentioning some 
of the large antenna systems rarely used today. The Rhombic is a 
conversation piece, and for good reason. On 20 meters, for instance, 
the mechanical dimensions are overwhelming. A small Rhombic 
would have one leg about 350 feet long. See ““L” in Fig. 9. The “V” 
beam ranks second to the Rhombic in ability to consume real estate. 
While the Rhombic is a fixed-direction array (difficult to rotate it, 
even electrically), the “V” beam may be made up of several long 
wires switch-selected to choose the proper direction and apex angle 
of the wires. A sample is shown in Fig. 10. Lengths of a thousand 
feet or more have been used successfully. 


Starting from scratch: Many newcomers to Amateur Radio are be; 
wildered by the vast number of antennas available from which to 
choose. Which one works best? Which one do I want? How do I put 
it up? Unless a systematic approach is followed to answer these and 
other questions, the amateur may be letting himself open to sur- 
prises. Antenna selection isn’t black magic. And materials are too ex- 
pensive to risk unpleasant happenings. One must sit down and give 
serious thought to the following: 


Fig. 9 — A Rhombic is usually too large for typical ham stations. 
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“The Rhombic ts a conver- 
sation piece, and for good 
reason. On 20 meters, for 
instance, the mechanical 
dimensions are overwhelm- 
ing.” 


Choosing an Antenna 
(without Causing Disaster) 
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“For most people, the 
questions rank in their or- 
der of importance as 
shown above. Questions 2, 


3 and 4 are pro 


bably the 


most important ones to 


address.” 


1) How much real estate do I have which may be used for my 


antennas? 
2) How will the neighborhood react to any antenna I decide to 


erect? 

3) Are there zoning ordinances or building codes I must obey? 

4) How much visibility am I willing to give to my hobby? 

5) What are my operating objectives? 

6) What bands do I enjoy operating? 

7) How much money am I willing to spend? 

8) What safety considerations are needed? 

9) How do I install a system? 

The answers to these questions vary from station to station, per- 
son to person. The purpose to answering them, however, is to estab- 
lish limits on a plan of attack. For most people, the questions rank in 
their order of importance as shown above. Questions 2, 3 and 4 are 
probably the most important ones to address. Dipoles, verticals and 
Tribanders don’t cause much attention in a neighborhood. Hundred- 
foot tall towers with big Yagis, Quads and lots of wires always do. 


Fig. 10 — Switching network designed to select the use of any two wires. While 
shown as a switch in the diagram above, typical installations would employ 
weatherproof relays mounted at the antenna. S-1 and S-2 are not ganged to- 
gether — they must operate independently. 


WOODEN 
SUPPORT POLES 


BALANCED FEEDLINE 
TO ANTENNA COUPLER 


Tribanders offer good performance on three bands. 


Never underestimate the value in maintaining a low profile. To begin 
your Amateur Radio career with a tall tower and a big beam is genu- 
ine shock treatment to your family and neighbors. It’s unwise. Al- 
ways starl with small hardware. 

Expanding an existing system: Most of the questions above ap- 
ply to this category as well. There is one significant difference how- 
ever. A small increase in neighborhood visibility probably will not at- 
tract much of an adverse reaction. To exchange a small Tribander for 
a large one, or to increase the height of a tower by 20 or 30 percent 
is generally not considered a problem. Keep in mind, though, large- 
scale changes have the same shock-treatment effect on the family and 
neighbors as might be expected with a new system. 

Moving into a new neighborhood: Here is where the experi- 
enced amateur can get into trouble. Usually he owns plenty of hard- 
ware and has the capability to install it. But if he’s not careful, he 
could get a big, big surprise. Certainly neighbors are going to be cau- 
tious at first. That’s natural. Neighborhood rapport is absolutely 
mandatory for successful operation of an Amateur Radio station. 
And rapport doesn’t develop overnight. It takes months, sometimes 
years, to develop. 

The best approach is to come into a neighborhood with a simple 
dipole or some VHF antennas. Then, several months later, if the situ- 


“Neighborhood rapport is 
absolutely mandatory for 
successful operation of an 
Amateur Radio station. 
And rapport doesn’t de- 
velop overnight. It takes 
months, sometimes years, 
to develop.” 
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Some amateurs install big 
hardware. Shown here are 
Yagis for 10 through 40 
meters at K1VTM. 
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ation warrants it, you may wish to add a small Tribander or some 
bigger VHF antennas. Live with that for a year or more! By then 
you'll have developed a “feeling” for the way your neighbors will 
react to larger hardware in your backyard. 

Who needs what? Antenna requirements are completely sub- 
jective. If the basic purpose for operating an Amateur Radio station 
is to have fun — and why else do it? — then simple systemsare fine. 
For the beginning Novice, a dipole strung between two trees or simi- 
lar supports is perfectly adequate. For operation on more than one 
band, a couple of dipoles or a trap antenna serve well. Unless one 
has the interest to win a contest or work every country in the world, 
big antennas aren’t necessary. Most amateurs will agree that much of 
the fun in ham radio is making contacts using low power and simple 
antennas. Anybody can do it with high power and big antennas. It’s 
the skilled operator who can do it with something less for hardware. 


Chapter 2 


Basics of Antenna 
Operation 


‘fe are two basic purposes for an antenna. If you are not trying 
to receive a signal from some distant point, or you’re not attempting 
to transmit a signal to some other location, there is no reason to have 
an antenna. Since Amateur Radio is centered around the art of com- 
municating, we need to assume one is interested in efficient anten- 
nas. 

Three important aspects should be considered. First, the basic 
design must be sound. Antennas are circuits which can be analyzed 
mathematically to determine their characteristics under ideal condi- 
tions. The written analysis of even a simple dipole can consume pages 
of text; indeed there are texts devoted to just that subject alone. It 
won't be duplicated here. The reader is encouraged to select appro- 
priate material on the subject of interest from the listings given in 
Chapter 13. 

Coupled closely with the electrical design of an antenna is the 
mechanical design and construction. Electronic engineering talent 
isn’t needed here as much as common sense. A major portion of this 
text is devoted to the craft of antenna building. If experimentation is 
your delight, there are countless numbers of sound designs which 
need to be adapted to particular circumstances. 

Equally important to those aspects mentioned above is the art 
of antenna positioning. Not many amateurs concern themselves with 
this point and few books make it a sufficient issue. Knowing what to 
expect in the way of performance increases the chances of satisfac- 
tory operation. Deciding what is to be accomplished with a particular 
system before putting things together significantly reduces the possi- 
bility of disappointment. 


There are two basic characteristics of an electrical circuit. It can con- 
vert power to accomplish some task, such as generation of heat, or it 


‘Antennas are circutts 
which can be analyzed 
mathematically to 
determine their 
characteristics under 
ideal conditions.” 
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“A half-wavelength di- 
pole is an electrical cir- 
cuit designed to radiate 


energy efficiently.” 


The Key: In What 


Directions Does It Radiate? 
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can radiate energy in the form of electromagnetic waves. When the 
physical properties of the circuit are small as compared to the size of 
a wavelength at a particular frequency, not much energy is radiated. 
But when the size of the circuit approaches an appreciable portion of 
a wavelength, radiation becomes the primary characteristic. Since 
the basic function of an antenna is to radiate (and not convert power 
to heat!), it must be designed with that in mind. 

A half-wavelength dipole is an electrical circuit designed to ra- 
diate energy efficiently. By adding elements to the dipole, power 
gain in radiation is possible. More on this in later chapters. 

Unfortunately, radiating devices such as antennas do not emit 
radiation equally in all directions. If they did, antenna performance 
could be easily predicted! Antennas always radiate in some directions 
better than in others, and if we plot those characteristics, we develop 
what is known as its pattern. When an antenna is not mechanically or 
electrically rotated, knowing the pattern helps us understand its op- 
eration. There are at least two patterns for every antenna. The hori- 
zontal one favors or discriminates against various compass headings. 
The vertical pattern is the elevation in degrees from the horizon that 
the signal travels on its way to the ionosphere. For horizontally 
mounted antennas, the angle of radiation (vertical pattern) depends 
primarily on the antenna height above electrical ground. Obviously, 
for most amateur radio installations, it is not easy to change the 
angle of radiation after the antenna has been erected. 


Directivity is influenced by so many different factors that it is vir- 
tually impossible to know exactly what the end result will be until 
the antenna is installed and tested. Antenna pattern testing for the 
amateur is very difficult at best. A better term might be antenna 
evaluation — does it work or doesn’t it? Chapter 8 covers this sub- 
ject in some detail. If a sound engineering design is used, and the an- 
tenna has been carefully constructed using quality components 
(which are not defective!), the difference between systems which 
perform well and those which do not is usually a matter of signal di- 
rectivity. Difficulty working DX is often the result of a signal pattern 
which is not sufficiently low in angle with the horizon to give long- 
distance skip. And if the amateur has difficulty contacting stations 
“close-in,” perhaps the radiated energy is concentrated more toward 
the lower horizon than straight up. See Fig. 1. 

As previously outlined in Chapter 1, there are limitations to the 
ce of most Amateur Radio antenna systems. However, within these 
limitations, the amateur may design his antennas to accomplish a 
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ANTENNA MOUNTED 
1/2-WAVELENGTH HIGH 


Fig. 1 — An overhead pattern causes the signal to saturate an area of several 
hundred miles as shown at (A). When the antenna has lobes toward the lower 
angles with respect to the horizon, the signal will travel much further, as shown 
at (B). An antenna mounted below 1/4-wavelength high is poor for DX contacts, 
while an antenna mounted 1/2-wavelength high is poor for relatively “local” 
communications. This characteristic is particularly noticeable at 80 and 40 
meters. 


specific goal rather than accepting fate. Operating in public-service 
nets or relaying message traffic usually requires signal coverage over 
a several-state area on one of the lower frequency amateur bands. 
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“No single antenna is per- 
fect for every operating 
condition.” 


The Vertical Pattern 
Determines the Distance 
Covered 


“The angle of radiation is 
not significantly affected 
by the number of ele- 
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ments. . 
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To meet this operating objective, the height of the antenna is far 
more important than the direction in which it is strung between trees 
in the backyard. However, if DX operating is a primary objective, the 
antenna should be as high as practical, or structured to have some 
low-angle radiation conducive to that kind of work. 

No single antenna is perfect for every operating condition. 
There are too many variables in the composite picture. Day-to-day 
and even hour-to-hour variations in propagation have a pronounced 
effect upon apparent antenna performance. Keep in mind that propa- 
gation conditions change but antenna patterns don’t. Matching your 
antenna pattern with the realities of propagation produces what are 
sometimes called “magic” systems. Operating with an antenna de- 
signed for a low angle of radiation when radio conditions produce 
high-angle propagation is likely to be disappointing, to say the least! 
As an example, extremely low-angle propagation on 40 meters 
doesn’t usually occur until eight or nine hours after sunset. Unless 
one contemplates operating from midnight until three in the morning 
on a regular basis, antennas above a hundred feet or so can be a liabil- 
ity rather than an asset. Likewise, antennas over a wavelength high 
on 20 meters during the afternoon hours are generally poor perform- 


ers. 


There are two ways to approach the problem of deciding how high 
your antenna should be. For many amateurs, convenience outweighs 
other considerations, and pattern is unimportant. On the other hand, 
it is possible to decide where the signal should arrive and then design 
the system to accommodate that objective. Both techniques are 
valid. 

Three tables are given as aids to determining what radiation an- 
gle might be expected for particular heights above ground. These ta- 
bles apply to antennas which are horizontally mounted (elements 
parallel to the ground). The angle of radiation is not significantly af- 
fected by the number of elements, so these tables may be used for di- 
poles, Yagis and Quads operated on the LF and HF amateur bands. 
VHF is not included because most antenna installations for these fre- 
quencies are many wavelengths high and primary radiation is toward 
the horizon (zero degrees). 

The first table compares an antenna’s electrical height above 
ground to the primary angles of radiation. These radiation patterns 
are not razor sharp but resemble the form of an elongated balloon 
with a center line pointing toward the noted Bitton: The figures 
given are for highly conductive ground conditions not always found 


at an Amateur Radio station location. The numbers represent suit- 
able guidelines, however. Sometimes the position of the nulls in the 
pattern is more important than the location of the peaks. As an 
example, note the direction of null for an antenna mounted 1/2- 
wavelength high. It’s 90 degrees. Ninety degrees is straight up! Is that 
good or bad? It depends. Again, refer to Fig. 1. If the amateur is in- 
terested in communicating over distances of only a few hundred 
miles during the daylight hours on 80 or 40 meters, an overhead null 
is undesirable. However, if DX is of primary interest, it is sometimes 
very helpful to reduce the strength of stations within a few hundred 
miles to allow better receiving conditions for the weaker DX stations. 
Remember, though, peaks and nulls tend to be vague rather than 
sharp. Some radiation does occur in the direction of the nulls, just 
not as intense as in the direction of the peaks. 

Table 2 gives the physical height of an antenna for each amateur 
band, 160 through 10 meters, as it relates to the electrical height in 
wavelengths. The purpose for presenting the absurd figures for the 
lower frequency amateur bands is to demonstrate what support 
heights might be necessary for low angles of radiation. 

Antenna height vs. distance which might be expected during 
ionospheric F-layer single-hop propagation is shown in Table 3. Many 


Table 1 


Major angles of radiation for various heights above ground. Nulls are in- 
cluded as well for reference. The values given are approximate. To deter- 
mine height in wavelengths above ground, see Table 2. 


Major Lobes of ; 
Radiation Major Nulls 
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of the nulls in the pattern 
is more important than the 
location of the peaks.” 
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outside factors have an influence on the distances given. Time of day, 
season of the year, maximum usable frequency (MUF), sunspot ac- 
tivity and many others play a role in establishing transmission dis- 
tance at any particular time. Areas between the bars should not be 
interpreted as places where communications is impossible. Rather, 
the blanks indicate where signals will tend to be considerably weaker, 
if not unreadable. 

The greatest distance one can expect for a single-hop transmis- 
sion is about 2500 miles. Contacts beyond that require more than 
one hop, unless of course, there are some unusual radio conditions at 
the time. Occasionally ionospheric “tilting” can cause signals to fol- 
low some path other than a straight line. Scattering of the signal in 
the ionosphere can cause it to be heard in areas of the world where it 
is not expected. The E-layer, much lower in the atmosphere than the 
FJayer, can cause extremely strong signals over short distances. E- 
layer propagation, however, is generally unpredictable. Solar distur- 
bances and aurora also cause strange events of propagation. These 
and many others are what give the daily variety of conditions to the 
amateur bands which make operating a radio station exciting. Some 
amateurs plan their operating time to coincide with periods which 


Table 2 


Wavelength above ground compared to amateur band gives corresponding height. 
Angles of radiation may be determined by locating amateur band column, then 
height in feet nearest your actual antenna height, moving to the left to deter- 
mine the wavelength and then to Table 1 for degrees. 


Feet Above Ground for Antenna 


Tas _| 


| 32" 
Lm 
hina 
eanaot 
78 | 


56’ 


170’ 
238 | 


are most likely to produce erratic signal conditions. 
Some interesting facts are revealed in Table 3. Those operators 
interested in on-the-air contests, especially the domestic ones, will 
want to have a strong signal arrive in the large metropolitan areas. 
As an exam ple, a station about 700 miles away from the Washington, “. . . vertical radiation 
New York, Boston corridor might experience less than optimum re- patterns can be more im- 
sults from a 20-meter antenna mounted 48 feet above ground. Like- portant than the horizon- 
wise, coast-to-coast single-hop transmissions are unlikely without an tal ones.” 
extremely high antenna. Lower antennas depend on more than one 
hop for the path and suffer a 10-20 dB reduction in signal strength 
for each one. This explains large variations in signal strengths from 
similarly powered stations in a particular area. 


As we have already shown, vertical radiation patterns can be more Horizontal Patterns 
important than the horizontal ones. However, the horizontal pat- Determine Compass 
tern determines the direction in which the signal will travel on earth Directions 
(generally) and when gain antennas are employed, that directivity be- 
comes a key feature of the system. 

One factor often overlooked by amateurs is that simple anten- 
nas mounted a quarter wavelength or less above ground have little or 


Table 3 


Comparison of relationship between antenna height and the distance one can expect to cover during ordinary 
band conditions. See text for more details. 


Miles 


“The horizontal pattern 

is completely unpredict- 
able mostly because near- 
by objects such as the 
ground, power lines, build- 
ings, other antennas and 
towers, all get into the 
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act. 
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no horizontal directivity. Primary signal transmission and reception 
are straight up (90 degrees). The horizontal pattern is completely un- 
predictable mostly because nearby objects such as the ground, power 
lines, buildings, other antennas and towers, all get into the act. When 
signals arrive from overhead, it doesn’t matter which direction the 
wire runs in the backyard. An 80-meter dipole, for example, mount- 
ed 50 feet above ground, will probably work equally well in the di- 
rection of the wire as it will at right angles to it. 

When the antenna height is increased to a half wavelength, di- 
rectivity becomes readily apparent. A 40-meter dipole strung be- 
tween supports at 60 feet above ground will have pronounced nulls 
toward the ends of the wire. See Fig. 2. 

As elements are added to a system, the horizontal pattern dras- 
tically changes. The nulls become wider and the main radiated lobes 
become more concentrated in nature. See Fig. 3. These antennas 
represent bidirectional arrays and are explained in more detail later. 

When elements are placed parallel and beside each other, as 


Fig. 2—A dipole mounted 1/2 wavelength above ground will exhibit a pattern 
similar to the one shown at (A). At (B), the dipole is mounted 1/4 wavelength 
above ground and has poorly defined nulls. This is a desirable characteristic for 


some operating conditions. 


Se 


DIPOLE ANTENNA MOUNTED HORIZONTAL WITH THE GROUND 
AND 1/2-WAVELENGTH HIGH 


\ 


DIPOLE ANTENNA MOUNTED HORIZONTAL WITH THE GROUND 
AND 1/4-WAVELENGTH HIGH 


shown in Fig. 4, proper design can produce unidirectional (one direc- 
tion) characteristics. The additional elements may be fed energy di- 
rectly from the feedline or they may accept energy radiated from the 
driven element and reradiate it. This is called parasitic excitation. 
Once elements are introduced to produce a unidirectional pattern, it 
is usually necessary to rotate the system either electrically or me- 
chanically. The antenna is then said to have front-to-back ratio; i.e., 
we can rate the performance by the difference in field strength to- 
ward the front of the system as it relates to the intensity from the 
rear. This difference is expressed in dB. Front-to-back ratios of 25 dB 
are typical for three-element arrays. An in-depth theoretical discus- 


sion of antenna patterns appears in The ARRL Antenna Book, any 
edition. 


Until now, we have discussed horizontal and vertical patterns for Vertical Antennas 
horizontally erected antennas. But the amateur has an option to turn 
the radiating element on end producing what is commonly called 


Fig. 3 — When two elements are used in a collinear arrangement, the pattern : 
might resemble (A) above. Four elements would modify the pattern as shown in 


(B) 
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Fig. 4 — A number of elements 
may be used to create more in- 
tense radiation in one direction 
while reducing radiation in an- 

other. A three-element Yagi is 


a good example. 
FORWARD DIRECTION 
OF SIGNAL 


— PARASITIC ANTENNA 


the vertical antenna. Different patterns occur for these. 

The basic vertical antenna consists of a vertical conductor, 
usually a quarter-wavelength long, mounted at the ground level. Ac- 
tual earth serves as one-half of the antenna system. To increase the 

“The basic vertical antenna conductivity of the ground, radials may be installed from the base of 
consists of a vertical con- the vertical element extending outward. When the radials are mount- 
ductor, usually a quarter ed above the ground and the base of the vertical is a significant 

wavelength long, mounted height above ground level, the system is then referred to as a ground 
at the ground level.” plane. These antennas along with many variations are detailed in later 
chapters. 

Patterns for vertical antennas are a bit simpler than for horizon- 
tal antennas. Typically, the radiation intensity from the vertical radi- 
ator is equal in all compass directions. Nearby surrounding objects 
can modify this to some extent. The vertical pattern, however, is 
concentrated at approximately 30 degrees. There is no overhead pat- 
tern. Accordingly, the vertical antenna is generally accepted as a 
good DX antenna but a poor choice for medium-distance communi- 

“Patterns for vertical an- cations. Because of the relatively low angle of radiation characteristic 
fennas area bit simpler of the vertical system, they are popular on the lower frequency 
than for horizontal anten- bands where height requirements to obtain a similar radiation angle 
nas.” with horizontal antennas are unreasonable. Vertical antennas also 
serve well as omnidirectional systems for local communications (up 

to 50 miles or so) on 10 meters and up through UHF. 
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Transmission Lines 


, almost every station, a conductor of some kind is needed to carry 
mm energy from the transmitter to the antenna. (There is an excep- 
tion: The end-fed long wire having one end attached directly to the 
transmitter or Transmatch network.) This chapter deals with the 
common feedlines in use by radio amateurs today: coaxial cable, 
Twinlead and open-wire. No attention will be given to the exotic sys- 
tems which require in-depth theoretical understanding. For these, the 
reader is offered Chapter 13. 

Coax cable is available in a wide range of characteristics. As a 
general rule, the efficiency is directly proportional to the size; the 
larger the diameter, the less loss it has for a particular length assum- 
ing a constant impedance of 52 or 72 ohms. But as one might expect, 
the size is also proportional to the price in dollars. Two types of in- 
sulation are used between the center conductor and the shield: poly- 
ethylene and foam. The foam material, sometimes called cellular 
polyethylene, has slightly less attenuation than polyethylene but 
costs about 20 percent more. Here are physical descriptions and 
typical uses for various coax cables: 

' RG-174A — The impedance is 52 ohms. Its diameter is 0.1 
inch and the insulation material is polyethylene. Used primarily for 
low power applications in transmitter and receiver internal wiring, it 
is suitable as a feedline for lightweight portable use like backpacking 
and hiking. It will handle a maximum power of 170 watts but has an at- 
tentiation figure of 4 dB per hundred feet at 20 meters. Obviously, 
this is a poor choice for long runs (over 50 feet) of transmission line. 
RG-58A — This popular coax is used for station equipment 
interconnection and for antenna feedline alike. Its impedance is 52 
ohms. The diameter is nearly twice that of RG-174A, 0.195 inch. 
For HF-band operations, it is rated to handle about 700 watts. At- 
tenuation figures are reasonable for feedline lengths up to 150 feet 
(1.4 dB per hundred feet). Both foam and polyethylene versions are 
available. See Table 1 for the other characteristics. RG-58A is readily 
fitted with RCA phono connectors or the more popular PL-259 


“In almost every station, a 
conductor... is needed to 


carry rf energy... .” 


“Coax cable .. . efficiency 
is directly proportional to 


the size...” 
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Installing a PL-259 connector 
on coax cable: Remove appro- 
priate amount of outer cover- 
ing and tin braid with solder. 


Slip the outer connecting ring 
over the cable end and twist on 
the PL-259 until the braid be- 
comes visable in the holes. 


Tools needed for proper 
installation of a PL-259. 
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With a pipe cutter, cut the tinned 
braid. Then, with a sharp knife, cut 
through to the center wire. Be careful 
Not to cut the inner wire. 


Solder the braid to the connector at 
each hole. Then solder the center con- 
ductor to the pin. Use as little heat as 
necessary to make a solid joint. 


Slip a small piece of insulation over 
the center conductor to keep the 
shield braid from shorting to the cen- 
ter pin when the PL-259 is installed. 


The finished product. 


(with adapter) UHF connector. For VHF operations, this cable is not 
recommended for run lengths of more than 20 or 25 feet. 

RG-59A — Similar in characteristics and use as RG-58A listed 
above except the diameter is 0.242 inch, the attenuation is 1.1 dB 
per hundred feet, and the power capability is 1300 watts. 

RG-8A — Probably the standard coax cable in use today by 
radio amateurs. It will handle up to 3700 watts for HF-band frequen- 
cies, and about 700 watts at VHF. The diameter is 0.405 inch. Usual- 
ly, amateur stations employing a 2 kilowatt amplifier have patch 
cables made from RG-8A. Attenuation for 20 meters is about 0.66 
dB per hundred feet increasing to slightly over 2 dB per hundred feet 
at 2 meters. RG-8A is mainly used as a transmission line for rotary 
beams, inverted ‘“‘V” antennas and verticals in lengths up to 250-300 
feet. 

RG-11A — This cable is a 72-ohm version of RG-8A listed 
above. Because of its construction, it will handle less power (2500 
watts) but maintains the same attenuation. RG-11A is ideal for feed- 
ing half-wave dipoles and serves well to act as a quarter-wave match- 
ing transformer for wide-spaced quad antennas. 

RG-17A — Not found much in the amateur service because of 
its high cost. The main purpose is to serve as a feedline for antennas 
hundreds of feet from the transmitter. Additionally, it serves well 
with VHF and UHF systems where low loss is a requirement. See 
Table 1 for specifications, 

1/2-inci Alumifoam Hardline — Used primarily by the cable 
TV industry, this cable is sometimes available as surplus in short 
lengths from commercial users. Because of the long spans used by 
cable TV companies, lengths of 100 to 200 feet are often discarded 
or made available to Amateur Radio clubs at a nominal cost. As the 
description implies, the outside diameter is 0.5 inch. The power capa- 
bility at HF is about 3 kilowatts dropping to 1800 watts at 2 me- 
ters. The cable is solid aluminum jacketed and is difficult to handle 
because kinks must be avoided. Surplus connectors are often avail- 
able at a reasonable cost but some amateurs fabricate their own. 
Homemade connectors are adequate for HF operations. Occasionally , 
the cable is vinyl covered but is more commonly found with a bare 
aluminum outer covering which is just as good. It is made for outside 
service. See Table 1 for complete specifications. 

3/4-inch Alumifoam Hardline — Similar to the 1/2-inch hard- 
line given above except the diameter is larger. Most 3/4-inch Alumi- 
foam available from cable TV companies is 72 ohms, making it diffi- 
cult to use in 52-ohm systems. Several articles have appeared in Ama- 
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DN 
————————— 
teur Radio publications showing matching techniques. See Chapter 
13. 

Another popular transmission line for amateur stations is 
open-wire or ladder line. Because the characteristic loss is very low, 
open-wire is well suited to feeding a dipole for multiband operation. 
It is very lightweight and works well with dipoles which are not sup- 


Table 1 
Characteristics for various feedline cables used by radio amateurs. Some figures 
are interpolations from manufacturers graphs. 


Maximum Recommended Power 


Cable ae (Watts) 
Type Q 14 30 144 | 400 
MHz MHz | MHz MHz MHz MHz 
Polyethylene 
RG-58A 52 700 600 400 250 125 75 
RG-8A 52 3700 2500 | 2000 | 1300 600 350 
RG-59A 72 1500 1200 | 1000 450 240 135 
RG-11A 72 2500 2000 | 1500 | 1000 450 260 
RG-174A 52 200 170 120 70 40 25 
RG-17A 52 118000 18000 | 10000 6500 3000 1600 
Foam 
RG-58A 52 1800 750 500 350 190 120 
RG-8A 52 8000 3500 | 2300 1700 950 520 
RG-59A 72 2400 950 650 450 240 130 
RG-11A 72 6500 3000 | 2000 | 1500 850 480 
Hardline 
3/8" Alumifoam | 75 — 6000 | 4500 2600 1200 650 
3/8” Alumifoam | 52 - 6400 | 4600 | 2700 1300 750 
1/2" Alumifoam | 75 - 9000 | 6500 | 3500 1600 900 
1/2” Alumifoam | 52 = 9400 | 6800 | 3700 1800 1100 
3/4” Alumifoam | 75 - 12000 | 9000 | 5000 2300 | 1300 
3/4” Alumifoam | 52 - 16000 |13000 | 5500 2600 1500 
Trans, Twinlead 
Belden 8222 72 1000 1000 } 1000 | NA NA NA 
Belden 8210 72 1000 1000 1000 NA NA NA 
Open-Wire 
1/2" Spacing 300 2500 2000 1700 NA NA NA 
1” Spacing 450 2800 2400 | 1900 | NA NA NA 
TV Twinlead 
High Quality 
Belden 8235 300 1000 1000 | 1000 | NA NA NA 


Note: Maximum power and attenuation depend on condition of cable. 


ee 
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ported at the center. By contrast, coax cable is heavy and can pro- 
duce substantial wire sag. 


The lightweight, cost economy, and low-loss figures for open- 
oD Do ’ 


wire tend to be offset to some extent by one major disadvantage. 


The wire is uninsulated, and when used for transmitting purposes, it 


pFft. 


5.0 


66 
66 
66 
66 
66 
66 


79 
81 
7K) 
81 


81 
81 
81 
81 
81 
81 


70 
67 


96 
97 


77 


0.82 
0.32 
0.58 
0.32 
1.86 
0.13 


0.67 
0.28 
0.48 
0.25 


NA 
NA 


1.70 
0.67 
1.21 
0.67 
3.89 
0.27 


1.40 
0.58 
0.98 
0.50 


0.40 
0.38 
0.31 
0.29 
0.23 
0.21 


NA 
NA 


NA 
NA 


2.30 
1.08 
1.70 
1.08 
5.15 
0.42 


2.05 
0.87 
1.48 
0.75 


0.57 
0.56 
0.45 
0.44 
0.33 
0.32 


NA 
NA 


NA 
NA 


0.3 


“Estimate to be used only as a guideline. 


3.30 
1.50 
2.30 
1.50 
6.50 
0.56 


2.70 
1.20 
1.80 
1.00 


0.75 
0.73 
0.59 
0.56 
0.44 
0.43 


NA 
NA 


NA 
NA 


0.6 


Approx. Power Attenuation (per 100 Feet)* 
(Attenuation for Cable in Good Condition) 


3.5 14 30 50 144 
MHz MHz MHz MHz MHz 


6.10 
2.70 
4.00 
2.70 
11.00 
1.07 


4.80 
2.20 
3.40 
1.70 


1.40 
1.30 
1.10 
1.00 
0.82 
0.80 


NA 
NA 


NA 
NA 


1.0 


400 
MHz 


11.00 
4.60 
6.70 
4.60 

17.50 
1.90 


7.60 
3.50 
5.50 
3.00 


2.60 
2.30 
1.80 
1.70 
1.50 
1.40 


NA 
NA 


NA 
NA 
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“Twinlead comes in vari- 
ous grades of quality. Price 
is usually the best indicat- 
or of which type to avoid; 
the more expensive Twin- 


lead is preferred.” 


“Periodic 


inspection 


(every year or two) is 


recommended 


and when 


peeling or cracking is evi- 


dent, the wire 


should be 
replaced.” 


Installation of Feedlines 


must be isolated from contact by metallic objects, or more important- 
ly, by living beings (human or otherwise!). In adverse weather cli- 
mates, it may be difficult to keep the conductors parallel and twist 
free to avoid shorts. Installation of this type of feedline is covered in 
later paragraphs, and typical applications are given in Chapter 4. 
Open-wire is usually manufactured in two common impedances, 300 
and 450 ohms, although the amateur can fabricate his own to obtain 
higher or lower impedances using different spacings. 


TV Twinlead is common for home entertainment devices 
such as TV and F'M radio systems. It is easy to install and is relatively 
cost efficient. The attenuation is somewhat higher than for open-wire 
but under certain circumstances, this is a good tradeoff for having in- 
sulated conductors. Twinlead comes in various grades of quality. 
Price is usually the best indicator of which type to avoid; the more 
expensive Twinlead is preferred. When used for high-power applica- 
tions, high-quality Twinlead is mandatory. 

Operating characteristics for Twinlead are very similar to those 
given for open-wire above. While Twinlead is insulated with a PVC 
covering, contact with metallic objects should be avoided. Line 
lengths of several hundred feet are common. Certain brands of Twin- 
lead have a tendency to crack under harsh weather conditions. Peri- 
odic inspection (every year or two) is recommended and when peel- 
ing or cracking is evident, the wire should be replaced. 

Some Twinlead comes in a shielded format designed for color 
TV reception. For HF-band operations, it should be avoided. Still 
another form of Twinlead is tubular — some with a solid center, 
some with air insulation, and some with foam insulation. The air and 
foam insulation types are usually high quality and are recommended. 

Transmitting parallel-conductor transmission line is manufac- 
tured by the Belden Corporation. The characteristic impedance is 72 
ohms, perfectly suited for feeding a half-wave dipole. Belden part 
number 8210 has a No. 13 wire gauge for the conductors. This cable 
is heavier than Twinlead and tends to produce more sag with a cen- 
ter-fed dipole arrangement. Cost wise, it ranks slightly under RG-8A 
coax cable and substantially above Twinlead. TV Twinlead is cost 
effective mostly because of high-quantity manufacturing efficiency. 


The feedline is a key part of any Amateur Radio antenna system and 
should be treated with considerable care. Attention should be given 
to its installation and routing if short-term deterioration is to be 


avoided, 
From the weatherproofing point of view, TV Twinlead and 
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“When coax cable is taped 


to a stationary object for 
support, such as a tower 
leg, it is good practice to 


cover the plastic tape wrap 


with a shot of acrylic 


” 


spray. 


Cable Splicing Occasionally we are faced with the necessity for extending 
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splice connection to go un- 


soldered. In a relatively 
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ing and flexing all can cause the center conductor to migrate toward 
the shield and cause a short. This is magnified during the summer 
months or in tropical climates when direct sunlight and the heat of 
the day cause the dialectric to soften considerably. Do not allow 
foam coax to be squeezed. When coax cable is taped to a stationary 
object for support, such as a tower leg, it is good practice to cover 
the plastic tape wrap with a shot of acrylic spray. It will keep the 
tape from becoming unraveled later. (Again, be cautious with the 
overspray ; stand toward the up-wind side.) 

Coax cable may be run either on top of the eround or under- 
eround. Most modern vinyl jackets stand up well to the conditions of 
soil. Metal or PVC conduit provides good protection for underground 
cables. Care must be taken, however, to keep water out of the tub- 
ing. Beware of rocks. They can shift during normal ground move- 
ment, especially during periods of ground frosting and softening. If 
a cable is to be run bare (no conduit), a layer of sand 
placed in the trench before the cable is inserted. Then pl 
top of the cable before covering it up with soil. 


should be 


ace sand on 


a feedline. 
It must be handled with care for a number of reasons, 

Open-wire is spliced easily. Be sure to scrape clean the conduc- 
tors before soldering takes place. Plenty of heat must be applied, 
especially if the work is to be done outdoors. A high-grade of 
solder, such as Kester 60/40 alloy “44” resin core should be 
used. 

Splicing Twinlead is a bit more difficult because after the 
solder connections are made, the entire area should be covered 


with plastic electrical tape and then covered with acrylic spray to 


Never allow an out- 
side splice connection to go unsoldered. In a relatively short per- 
iod of time atmospheric contaminants can Cause rectific 


prevent moisture from entering the junction. 


ation al 
the points of contact. That rectification could be a source of TVI! 


Coaxial cable is best spliced using two fittings 
ial union connector (UHF barrel). : 
tape and acrylic spray 


and a coax- 
Several layers of electrical 
Bremrccscdito keep the Splice moisture 
proof. Some radio amateurs attempt soldering the cable ends 


together to form a splice. After the center conductors are sol- 
dered together, several layers of tape are applied folloy 
"5 


pushing excess braid over the tape and soldering it. While t 
result may appear to be crude . ¥ 
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Bulk-head connectors provide a good way to bring cable into the radio room. 
Here, a window was replaced with a sheet of plywood. 


“Old coax cable which has had many years of outside service should 
be discarded on general purposes.” That philosophy is good advice, 
indeed, if one can afford to do so. Now and then, though, there may 
be a need for a section of cable to accomplish some task, where new 
coax may not be justified. Or the need may come on a bright Sunday 
afternoon when coax dealers are closed. But for whatever the the 
reason, questionable quality cable must be tested before installation. 
The easiest way to test a section of coax cable is by inserting a 
known amount of power into one end and measure what comes out 
the other end. The cable attenuation is a good indicator of condition. 
Place a 50-ohm load at one end of the ‘“‘unknown”’ cable. Connect a 
wattmeter and a transmitter to the other end. Set the transmitter 
output to 100 watts. Check for reflected power. There should not be 
any, of course. Then place the wattmeter between the cable and the 
dummy load. Measure the remaining power. Table 3 gives approxi- 
mate attenuations for various power levels indicated at the output 
end of the cable when the input end is supplied with 100 watts. For 
comparisons, refer to Table 1. Always make the tests at the highest 
frequency that is expected to be used. Remember, too, that manu- 
facturer’s specifications are usually for lengths of 100 feet so you'll 
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have to normalize your attenuation for that length. Divide your at- 


tenuation in dB by the length of your coax line in feet and then mul- 
tiply by 100. 


The Affect of High SWR A mismatched transmission line for HF bands of operation is net 
on Your System necessarily a deterrent to proper station performance. But it is wise 
to be aware of the conditions caused by high SWR. 

One of the widest spread beliefs in Amateur Radio circles is that 
high SWR causes lost power. The amount of power attenuation 
caused by the high SWR, however, may not be significant. If the 
characteristic line loss under matched conditions is low, the addi- 
tional loss caused by high SWR will be low as well. See Table 2. Note 
that an SWR of 5 to 1 on a transmission line which has a matched- 
condition loss of only 0.2 dB is hardly worth worrying about. Be- 
cause open-wire line has very low loss, we need not be concerned 
with additional loss caused by high SWR. This trait makes open-wire 
an excellent choice for feeding a single dipole on several bands. The 
impedance varies considerably as we change from band to band. 


One of the primary results of high SWR, especially when coax 


Table 2 


Additional loss in a feedline caused by an SWR of greater than 1. 


Total Loss in dB for a Given Feedline When Properly Matched 


Table 3 


Approximate loss in dB for a particular length of 50-ohm coaxial cable w 
the indicated amount above appears at the other end. The figure may be 
compared to the standard specifications given in Table 1, 


hen 100 watts is applied to one end and 
Normalized to loss per 100 feet and 


ee 


Watts 
Power at Load End 95 90 85 g0 75 70 65 60 = a Ke 16 
dBLossforLength .21 .44 71 96 1.25 159 185 220 259 3.00 3.46 3,98 
dB 
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cable is being used, is that the transmitter may not react well to the 
load. Since most commercially manufactured transmitters on the 
market today are designed for 52- or 72-ohm loads, they may not 
tune correctly into “strange” impedances. Chapter 9 offers a good 
solution to that problem. A correctly designed impedance trans- 
former or Transmatch interfaces the transmitter with high-SWR feed- 
lines quite easily. And when the station incorporates a low-pass filter 
for TVI prevention and harmonic reduction, a Transmatch provides 
a proper termination for it as well. (In order for a low-pass filter to 
be effective, it must be terminated on both ends with the proper 
impedance.) 

For most Amateur Radio station situations, high SWR is relative- 
ly unimportant provided the feedline can be matched properly to the 
transmitter/filter assembly. Only at VHF and above does high SWR 
really become significant. The reason is simple: At VHF and UHF, 
even when properly matched, line losses are far greater than at HF. 


Ladder line is an excellent choice for feeding a dipole to be used on 
several HF amateur bands, as pointed out earlier. One must avoid 
resonances in the feedline, however, if proper operation is to be 
achieved. The feedline length plus one side of the dipole should not 
be a multiple of 16 feet for operation on 80, 40, 20 and 10 meters, 
and must avoid multiples of 22 feet for 15-meter operation. See Fig. 


ian 4 5 6 7 8 9 10 

0.7 0.13. 015 0.16 0.16 O17 O17 0.18 0.19 
0.31 038 041 045 047 048 O50 0.51 0.52 
0.80 0.96 1.10 1.20 1.20 1.25 125 1.30 1.30 
140 1.51 1.60 1.70 1.75 1.80 184 1.86 1.90 
1.63 2.02 2.23 239 245 250 252 254 2.56 


300-OHM 
450-OHM 


OR 
TWINLEAD— 


TRANSMATCH 


TRANSMITTER 


Open-Wire Feedline for 
Multiband Operation 


Fig. 1 — Antenna currents must 
be avoided on the transmission 

line if proper operation is to be 
achieved. See text for recom- 


mended lengths for “’L.”” 
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Electrical Length vs. 
Physical Length 


Measuring the electrical length 
of coax cable is outlined in the 
text. 


Using the Grid-Dip 
Oscillator to Check 
Electrical Lengths of 
Feedline 


When the coax impedance is 
72 ohms, impedance “B” will 
be 72 ohms and impedance 
“A” will be 300 ohms. For 
52-ohm coax cable, “B” will 
be 52 ohms and “A” will be 
200 ohms. Be sure to use the 
proper velocity factor when 
determining the length at ‘‘L.”’ 
Foam coax is 0.81; polyethy- 
lene is 0.66. 
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1. Ideal lengths for “L” are 40 feet, 58 feet, 75 feet and 95 feet if 
operation on all HF bands is a requirement. These figures are approx- 
imations and may have to be varied somewhat to allow proper load- 


ing by particular Transmatches. 


Propagation of radio waves is slower through transmission lines than 
it is through air. Velocity factor is a term applied to this characteris- 
tie and is usually expressed as a percentage. For most polyethylene- 
insulated coax cables, the velocity factor is 66 percent. For foam 
insulation, it is about 81 percent. Open-wire using one-inch spacers 
every foot or so has a velocity factor of about 97 percent. As an ex- 
ample, an electrical wavelength of coax cable with polyethylene in- 
sulation would be 66 percent of the dimension in air. At 20 meters, a 
wavelength is about 70.25 feet. In RG-8A, it is about 46.36 feet (in 
RG-8A foam it would be 56.9 feet). Since the termination imped- 
ance in a transmission line repeats itself every electrical halfwave, 
knowing the velocity factor is handy, as will be shown in later chap- 
ters. Table 1 has the velocity factors given for most popular types of 
Amateur-Radio related feedlines. 


For a given length of transmission line where the far end is untermi- 
nated (no antenna connected), the GDO serves as a tool to determine 
the actual frequency where the line is a half-wavelength (or multiple 
of that) long. Coupling to the feedline is simple as shown in the 
photograph. A turn or two of wire is sufficient and does not have an 
affect on the readings so long as the leads are kept short. It is best to 
use a chassis connector as shown. Short the shield to the center con- 
Fig. 2 — Half-wave coaxial balun. The complete assembly may be rolled up and 


taped to some convenient support structure. Connections between coax braid 
should be very short. 


IMPEDANCE “A” 


SECTION “L" 


IMPEDANCE “‘B” L = 492 velocity factor 
Freq. (MHz) 
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ductor (short circuit) at the opposite end. 


A Balun Made From 
Coax Cable 


Occasionally, a four-to-one balun transformer is required to perform 
some matching task. The one given in Fig. 2 may be used to trans- 
form an unbalanced impedance of 52 ohms to a balanced impedance 
of 200 ohms if 52-ohm cable is used. Likewise, if one uses 72-ohm 


cable, 300 ohms will be the resultant output impedance. 


A Coaxial Line RF Choke 


One way to prevent antenna currents from flowing on the shield 
braid of the coax cable feeding an antenna is to wind some of it into 
an RF choke. When balanced driven-element antennas are fed with 
unbalanced coaxial cable, the use of an RF choke is recommended. 
Its formation is uncritical; six turns around an 8-inch diameter is 
suitable for 10, 15 and 20 meters while ten turns are more appropri- 
ate for 40 and 80 meters. The coil of coax may be taped to the boom 
of a Yagi antenna near the driven element or to a tower leg where the 
center of an 80- or 40-meter dipole might pass by. Avoid using the 
RF choke if there is no means of support for it at the feedpoint. 


Quarter-Wavelength Coaxial 


A quarter-wayelength section of transmission line may be used as an 
Impedance Transformers 


impedance transformer to match two impedances. Wide-spaced multi- 


Fig. 3 — Quarter-wavelength transformers. At (A) is a system to transform the 35-ohm impedance of a ground plane 
to 72 ohms. At (B) the 100-ohm impedance of a wide-spaced Quad-loop array may be changed to 52 ohms. Velocity 


factor may be determined from Table 1. 


[Leia 246 x velocity factor 
Freq. ee 


flor 246 x velocity factor 


Freq. (MHz) 


REFLECTOR 


52-OHM RIVEN ELEMENT 
COAXIAL CABLE 
1/4-WAVELENGTH 


LONG 


~— 72-OHM COAXIAL CABLE 
1/4WAVELENGTH LONG 


2 UHF CONNECTORS AND A 
[ | CHE BARREL CONNECTOR 
tL WEATHERPROOFED WITH 
["] PLASTIC TAPE AND ACRYLIC 


7 SPRAY 


2-UHF CONNECTORS AND A 
~~ UHF BARREL TAPED AND 
ACRYLIC SPRAYED 


52-OHM COAXIAL CABLE, 
ANY LENGTH TO THE 
TRANSMITTER 


72-OHM COAXIAL 
CABLE, ANY LENGTH, ¢ 
TO THE TRANSMITTER 
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A coil of coax cable mounted 
near the driven element serves 
as an rf choke to reduce feed- 
line radiation. 


Table 4 


element quad antennas for the HF bands have a driven-element im- 
pedance of a ground-plane antenna may be transformed to 72 ohms 
coax cable will transform the 100 ohms at the antenna to approxi- 
mately 52 ohms for use with RG-8A cable. Or, the 35-ohm feed im- 
pedance of a ground plane antenna may be transformed to 72 ohms 
so that 72-ohm cable may be used. See Fig. 3. To determine the 
length of cable needed for a particular band, the following formula 


may be used: 


246 
Transmission line length = Freq. (MHz) X velocity factor 


Table 4 gives some dimensions for common cable types for the popu- 
lar HF amateur bands. 

The limiting factor with these transformers is the characteristic 
impedance of the line. The formula for determining the transformer 


impedance is 
Coax impedance = / Input impedance X output impedance 


Unless one wishes to manufacture his own transmission line (general- 
ly not practical), the range of matching impedances is limited by the 
standard cable types, 52 and 72 ohms. There are other impedance 
cables on the market, but they are rarely available in small quantities 


and are usually very expensive. 


Length vs. frequency for quarter-wavelength transformers. Figures given are for tip to tip after a UHF connector 
has been installed on each end. (The decimal portion of the dimension is tenths of a foot.) Lengths are not very 
critical and a variance of an inch or two from the figures given is insignificant. 


Coax Cable | 3.6 


Type 
RG-58A 


Cellular 
RG-58A 


RG-8A 


Cellular 
RG-8A 


RG-59A 


Cellular 
RG-59A 


RG-11A 


Cellular 
RG-11A 
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MHz 
45.1 


54.0 
45.1 


55.4 
45.1 


54.0 
45.1 


55.4 
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3.8 
MHz 


42.7 


51.1 
42.7 


52.4 
42.7 


51.1 
42.7 


52.4 


Length in Feet for Quarter Wavelength Transformers 


7.1 7.2 14.1 14.3 21.1 21.4 28.7 28.6 29.0 
MHz MHz MHz MHz MHz MHz MHz MHz MHz 


22.8 22.5 11.5 11.3, 7.7 7.6 5.8 5.7 5.6 


27.4 27.0 13.8 13.6 9.2 9.1 6.9 6.8 6.7 
22.8 22.5 11.5 11.3 7.7 7.6 5.8 5.7 5.6 
28.1 27.7 14.1 13.9 9.4 9.3 7.1 7.0 6.9 
22.8 22.5 11.5 Wik} ZBL 7.6 5.8 5.7 5.6 
27.4 27.0 13.8 13.6 9.2 9.1 6.9 6.8 6.7 
22.8 22.5 11.5 US Fea 7.6 5.8 5.7 5.6 
28.1 27.7 14.1 13.9 9.4 9.3 7.1 7.0 6.9 
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HF Antennas 
Made from Wire 


ie basic types of antennas are used by amateurs for HF band 
operation. Antennas constructed of wire are given here; those built 
with aluminum tubing for the radiating element are described in 
Chapter 5. At some point in their career, most amateurs will use both 
kinds. Sometimes the factors which determine whether wire or alum- 
inum is used are more environmental or economic than mechanical in 
nature. Construction of aluminum antennas for 14 MHz or higher is 
considerably easier than it is for 7 MHz and below. For this reason, 
most antennas used on 160, 80 and 40 meters are built from wire 
and a majority of antennas used on 20, 15 and 10 meters are alumi- 
num tubing. 


Fig. 1 shows the basic wire antenna for Amateur Radio use. The half- 
wavelength dipole, when fed with 72-ohm coaxial cable, provides a 
good match between the feedline, the transmitter and the radiating 


Fig. 1 — A center-fed half-wavelength dipole is one of the simplest antennas used 
by amateurs. The coax cable feedline should be 72 ohms. However, 52-ohm coax 
will work with only a slight increase in SWR. For length L, see Table 1. When 
coax cable is used, a low SWR will be achieved over about a 3-percent frequency 
bandwidth. As an example, a dipole cut for use at 3.6 MHz will have alow SWR 
from 3.5 MHz to 3.7 MHz. For operation over a greater bandwidth, an antenna 
coupler is recommended. See Chapter 9. 


The Half-Wavelength Dipole 
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element. The overall antenna dimensions for a specific frequency 
may be determined from Table 1. Lengths given are for wires sus- 
pended at least a half wavelength above ground and relatively clear of 
surrounding objects such as power lines, buildings and other anten- 
nas. When a dipole is placed in close proximity to other objects, its 


Table 1 
Length vs. frequency for half-wavelength antennas. 


136’ 134" 132’ 130° 128" 126" 
3500 kHz 3600 kHz 3700 kHz 3800 kHz 
124" 122" 120' 118" 
3800 kHz 3900 kHz 4000 kHz 
67’ 66 65" 
7000 kHz 7100 kHz 7200 kHz 7300 kHz 
33'6" 33'0" 32'6" 
14,000 kHz 14,100 kHz 14,200 kHz 14,300 kHz 
22'0” 21'11" 21'10" 21'9" 218" 
21,000 kHz 21,100 kHz 21,200 kHz 21,300 kHz 21,400 kHz 
16'5" 16'4" 16'3” 16'2” 16'1 a 
28.0MHz = 28,2 MHz 28.4 MHz 28.6 MHz 28.8 MHz 29.0 MHz 
1671” 16/0" 15/11” 
29.0MHz 29.2 MHz 29.4 MHz 29.6 MHz 
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resonant frequency usually will be lowered by a small percentage. 
For those amateurs wishing to have their antenna be resonant on a 
specific frequency, the best procedure to follow is to increase the 
length given in Table 1 by about 2 percent and then, after the 
antenna is installed and checked for the frequency of lowest SWR, 
the wire may be trimmed as necessary to obtain the desired results. 
As an example, a half-wavelength dipole is constructed with an 
overall length of 133 feet. The frequency of lowest SWR should be 
about 3.590 MHz. After the antenna is checked using an SWR meter 
and transmitter, it is discovered that the point of lowest SWR is 
3.510 MHz. Many times it is not worth the effort to “fine tune” a 
dipole for an exact frequency. But if one wants to do it, the tech- 
nique is simple. Divide the actual frequency of lowest SWR by the 
desired frequency of operation to obtain the percentage difference 
between the actual frequency of operation and desired frequency. 
Then apply the percentage figure to the total dimension for the 
existing wire. A frequency change from 3.510 MHz to 3.590 MHz 
represents about 2.3 percent. If the wire installed had a length of 133 
feet, it would need to be approximately 2.3 percent shorter. About 
three feet should be trimmed from the tip-to-tip length, or about 18 
inches should be cut from each end. 

Of course, the same procedure may be applied to antennas 
which exhibit characteristics higher in frequency than desired. Modi- 
fication of the antenna, however, is somewhat more difficult. Mak- 
ing the antenna longer requires a wire splice. A solid electrical and 
mechanical connection is necessary. 

Obviously, it is far easier to shorten the length of an antenna 
than lengthen it. The amateur antenna constructor interested in hav- 
ing an antenna be resonant at a given frequency should make the 
overall length of his wire about 2-percent longer than Table 1 in- 


WIRES SOLDERED 
TOGETHER AT BOTH 
ENDS 


300-OHM OPEN-WIRE 
OR TWINLEAD, ANY LENGTH 


72-OHM COAX 4:1 BALUN 


TO TRANSMITTER TRANSMATCH 


‘Many times it is not worth 
the effort to ‘fine tune’a 
dipole...” 


“The amateur antenna 
constructor interested in 
having an antenna be 
resonant at a given frequen- 
cy should make the overall 
length of his wire about 


’ 


2-percent longer...” 


Fig. 2 — A folded dipole may 
be made from open-wire or 
Twinlead. Dimension L may 
be determined from Table 1. 
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“Open-wire is recommend- 
ed for the parallel-wire an- 
tenna because tt is light- 
weight and strong. Con- 
struction techniques are 
shown in the photo- 
graphs.” 


The Folded Dipole 
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A center insulator for a Twinlead-fed A strain insulator at the end of a dipole 
dipole. antenna. 


5 a 


A folded dipole is fed at the center Pillar insulators may be used to easily 
with open-wire feedline. Strainon the pass open wire through a wall. 
electrical connection is relieved by 

Passing the feedline conductors through 

the insulator before connection to the 

antenna. 


dicates with the understanding that some trimming will no doubt be 
necessary. That procedure is insurance against having to lengthen the 
wire with a splice! As a general rule, however, one can assume that 
an SWR of less than two is satisfactory and further adjustments are 
not necessary (except for the fun and challenge of doing it!). 


A variation of the half-wavelength long dipole is given in Fig. 2. A 
folded dipole is constructed of two parallel wires. Its overall length 
will be the same as for a single-wire dipole and may be determined 
from Table 1. The feed-point impedance for the folded dipole is four 
times the value of a simple dipole, or about 300 ohms. TV Twinlead 
or open-wire is a good choice for a feedline. A balanced-output 
Transmatch or a four-to-one balun will be required to couple the 
feedline to the transmitter. Suitable circuits are given in Chapter 9. 
Open-wire is recommended for the parallel-wire antenna because it is 
lightweight and strong. Construction techniques are shown in the 
photographs. 

The primary advantage of a folded dipole over a single-wire sys- 


a 
SST 


tem is that its frequency bandwidth will be greater. In other words, 
the frequency over which one can expect the transmitter to tune cor- 
rectly will be greater. The same results can be achieved, however, 
with an ordinary single-wire dipole and a Transmatch (unbalanced 
output). If a Transmatch is not available, or if the operator doesn’t 
wish to have this additional component in the shack, a four-to-one 
balun used in conjunction with a 300-ohm feedline and folded dipole 
will have a lower SWR increase than a similar dipole fed with coaxial 
cable as the frequency off resonance becomes greater. 


Another variation of the popular half-wavelength dipole is the Invert- 
ed Vee. It consists of a center-fed dipole with the center mounted 
higher than the ends of the wire. The primary benefit for this design 
is that it requires only one support. The ends may be attached to any 
object near the ground. The angle between wires at the apex should 
be about 90 degrees. The angle is not very important and values of 
60 to 130 degrees are typical. 

Determining the overall length for an Inverted Vee antenna is 
not as simple as it is for a straight dipole. The ends of the wire usual- 
ly come very close (in terms of wavelengths) to the ground which in- 
troduces capacitance to the system. Inverted Vee antennas usually 
appear electrically longer than their overall length might indicate. 
Since the ends of the wires are close to the ground, trimming them 
isn’t usually a problem. The dimensions for a dipole given in Table 1 
provide a good starting point but may have to be reduced by as much 
as 3 or 4 percent to make the system operate on a specific fre- 
quency. The feed impedance for the Inverted Vee is closer to 52 
ohms than to 72 ohms and 52-ohm coaxial cable is recommended. Of 


course, the amateur has the same options with the antennas de- 


COAX CABLE 
TO TRANS. 


The Inverted Vee Antenna 


“... parallel feedline such 


as open-wire or Twinlead 


may be used...” 


2 


Fig. 3 — An Inverted V antenna 
requires only one support. Di- 
mension L may be approxi- 
mated from Table 1. Surround- 
ing objects may require ad- 
justing the overall length 


slightly. See text. 


The Sloping Dipole 


“,.. a 60-foot high tower 
used to support a Tri- 
bander for 20, 15 and 10 
meters is ideal for support- 
ing a three- or five-element 
array for 40 meters.” 


Fig. 4 —A three-element three- 
direction Sloper system for 40, 
20, 15 or 10 meters. Fig. 5 
shows the circuit configuration 
for the relay box. The dimen- 
sion L for each dipole and the 
length of the coax cable be- 
tween the dipole and the relay 
box is critical; see Table 2. 
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scribed earlier in this chapter; parallel feedline such as open-wire or 
Twinlead may be used with a balanced-output Transmatch which 
would eliminate the need for any concern about wire length adjust- 


ments. 


A further extension of the dipole theme is the sloping dipole. See 
Fig. 4. Slopers are usually used for DX work and are quite effective 
on 160, 80 and 40 meters. Several Slopers can be employed in a sys- 
tem to provide switchable directivity and some power gain. 

When two or more Sloper elements are used in a combined sys- 
tem, the coaxial cable leading to the nondriven element may be cut 
to a length which will cause the “unused”’ element to be inductive 
and act like a reflector. A two-element Sloper system may be v~ 4 
for selecting two different directions of radiation. Oftentimes, the 
benefit in selecting one element over another is to reject QRM. The 
horizontal pattern for a two-element Sloper is about 180-degrees 
wide. Therefore, if the Sloper elements are directed east and west, 
communications toward the south will be about equal on either ele- 
ment while QRM from the east or west will be dramatically changed 
as elements are switched. Little power gain is achieved with a two- 
element array. 

When the number of elements is increased to three, directivity 
becomes much more apparent. When five elements are used, of 
course, the directivity becomes even more pronounced and the gain 
increases slightly. 

Most amateurs mount a Sloper system on a tower or pole used 
for other antennas. For instance, a 60-foot high tower used to sup- 
port a Tribander for 20, 15 and 10 meters is ideal for supporting a 
three- or five-element array for 40 meters. The switching box mount- 
ed near the center of the tower serves to select one of the several 
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elements. Fig. 5 gives a circuit diagram. The angle of the wire with 
respect to the vertical support (the tower) should be about 45 de- 
grees, although the value is not critical. 

The relay box houses ordinary double-pole double-throw relays. 
Two are needed for the three-element array. Note that both the cen- 
ter conductor and the shield are switched. This is necessary to keep 
ground currents from upsetting the “reflector” operation. These re- 
lays have a contact rating of 5 amperes and the coil operates on 
6-volts DC. AC coils should be avoided. If coaxial connectors are 
used al the relay box, the box itself must be made of insulated ma- 
terial. Plastic refrigerator containers are economical and ideal for 
this need. 

Installation of a Sloper system is simple. Several feet of plastic 
rope should be used at the top end so that the Sloper element begins 
at a point about 3 feet away from the tower itself. The other end 
of each element may be connected with plastic rope to a convenient 
point near the ground. As a guideline, if the top of the Sloper anten- 
na is 60 feet above the ground, the bottom end should be connected 
to a ground point which is about 60 feet from the base of the tower. 


“Several feet of plastic 
rope should be used at the 
top end so that the Sloper 
element begins at a point 
about 3 feet away from the 
tower itself.” 


Fig. 5 — Circuit diagram for the Sloper-system relay box and control. T1 is a small filament transformer with a 
one-ampere rating. S1 is a spst toggle; S2 is a single-pole, three-position rotary type. Relays K1 and K2 are or- 


dinary dpdt open-frame 6-V DC units. 
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The Bobtail Array 
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Table 2 


Dimensions for the three-element Sloper system. 
See text for details. 
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For three elements, the wires should be spread 120 degrees apart 
around the tower or pole. A five-element array would have the ele- 
ments spaced every 72 degrees around the support. 

The horizontal radiation pattern from a Sloper system ranges 
from about 180 degrees with one or two elements to about 120 de- 
grees wide with five elements. A three-element system will provide 
good coverage over all compass headings. Discrimination against un- 
wanted signals will be primarily toward the direction opposite the 
slope of the driven element. The primary advantage for using five 
elements is that it provides a broader area of signal rejection in the 
undesired direction. 

Best performance from a sloping dipole antenna occurs at mod- 
erately low vertical angles of radiation. They are good performers for 
DX operation on 80 and 40 meters after or just before sunset. Slop- 
ers are not effective during the daylight hours when compared to a 
horizontal dipole a quarter-wavelength high. On 20, 15 and 10 me- 
ters, Slopers perform well any time the band is open. 


The Bobtail vertical antenna has become very popular in recent years 
for operation on the lower HF amateur bands. The low angle of ra- 
diation displayed by this array makes it ideal for DX communications. 
On 40 meters, for instance, the system need not be more than about 
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40-feet high; 80 meters requires a height of about 80 feet. The verti- 
cal elements must run parallel to each other and be relatively clear of 
any surrounding objects. Fig 6 shows the basic element arrangement. 
Because this antenna is fed at a high-impedance point, the tuning net- 
work is required. It consists of a link-coupled transformer and capaci- 
tor resonant at the operating frequency. The transformer link coil is 
adjusted to give a proper match for 52-ohm coaxial feedline. 

The vertical wires radiate almost all of the energy while the top 
horizontal wire radiates almost no power at all. The vertical angle of 
radiation from this system is most intense at the low angles and 
broadside to the array. High-angle radiation is almost nonexistent 
making the Bobtail a poor choice for daytime operation on the lower 
frequencies. Because the end nulls are very shallow, the system will 


Table 3 


Lengths and values for Bobtail curtain shown in Fig. 6. 
Maximum Recommended Link 
C-1 Value Miniductor Turns 


=——RG-8A/U OR RG-58A/U TO TRANS. 
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Fig. 6 — The Bobtail curtain is 
a good DX performer. Dimen- 
sions are given in Table 3 and 
construction details are given 


in the text. 


Fig. 7 — Wire loops are suit- 
able to almost any configura- 
tion. Wire lengths are given in 
Table 4. 
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provide adequate performance in most directions, but only for long- 
range communications. 
For those amateurs interested in Bobtail performance but have 
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difficulty finding sufficient room for the horizontal dimension, a half 
Bobtail array consisting of two vertical wires may be used. The single 
horizontal wire, then, should be one-half wavelength long. 


The wire loop is one of the most practical antennas for Amateur Radio 
operation. Almost any configuration may be used. Loops can be sus- 
pended from a tower, trees, poles or whatever fixed object is avail- 
able for a support. Fig. 7 suggests a few arrangements which work 
well. Overall dimensions for the various amateur bands may be deter- 
mined from Table 4 under the heading of Driven Klement or Single 
Loop. The feed-point impedance varies with the height above 
ground, but normally is about 100 ohms. A quarter-wavelength 
matching section of 72-ohm coaxial cable provides a good match to a 
52-ohm feedline. Dimensions for matching transformers are given in 
Table 4 of Chapter 3. 

There are two primary features of the wire loop which make it a 
good choice as a station antenna. First, the closed-loop configuration 
is relatively immune to the presence of surrounding objects. Rarely 
is length adjustment required to obtain a good match for the trans- 
mitter. The other aspect of loop operation is that they will work on 
any multiple of the fundamental frequency of design. For instance, 
an 80-meter loop works well on 40, 20, 15 and 10 meters. One must 
be careful, however, that the harmonic output of the station trans- 
milter meets with good engineering practice because this antenna 


Table 4 


Wire length dimensions for loop antennas. 


Loop Lengths for Various Configurations 


Freq. | Driven Element Spacing 

MHz | or Single Loop Reflector Director | Between Elements 

287'0" gore" | zee | so 

264'0" 269'9" 266/67; | C0; 

reat |_ 7a” Sel fu 
8 


ay 


= 


1 
fait | 477" af 6 | Az 


NPT NOIR] 


Wire Loops 


“,.. they will work on any 
multiple of the fundamen- 


tal frequency of design.’ 


HF Antennas Made from Wire 


2 


53 


“The format of a loop 
may be square (Quad), dia- 
mond shaped (Quad), 

round or triangular 


(Delta).”” 
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ee 
does not discriminate between the fundamental frequency energy 
and harmonics of it. If multiband operation is desired, omit the 
quarter-wavelength matching section mentioned above. Feed the 
loop directly with 72-ohm cable. The SWR will be less than 2 on all 
bands of operation. 

Loops may be easily suspended from a tower with little, if any, 
interaction to an antenna mounted on top. The format of a loop may 
be square (Quad), diamond shaped (Quad), round or triangular (Del- 
ta). All of the sides need not be the same dimension. A Delta loop, 
for instance, may have a base leg which is considerably longer than 
the other two sides. A longer base leg serves to reduce the vertical di- 
mension of the system which is ideal for using large loops on relative- 
ly short towers. 

A logical extension of the single-loop antenna is a pair (or more) 
designed to achieve directivity and power gain. Multiple-loop anten- 
nas designed for the higher amateur bands (20, 15 and 10 meters) are 
usually just called Quads and constructed within a self-contained 
frame to allow easy rotation. These Quads are discussed in detail lat- 
er on in this chapter. Loop arrays for 160 through 4.0 meters are top- 
notch performers but usually may not be physically rotated because 


Fig. 8 — When a tower is available as a center support, several configurations are possible. (C) shows one version 
which could be built to have gain in a fixed direction. 
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of their size. Dimensions for a fixed-direction system are given in 
Table 4. Two elements, both resonant on the operating frequency, 
may be used in a direction-switching array by adapting the relay box 
and interconnecting coax cables shown with the Sloper system earlier 
in the chapter. Dimensions for the interconnecting cable between the 
relay box and the wire loops are the same as for the Sloper and may 
be determined from Table 2. 


Many amateurs use two or more wire loops suspended from a frame 
for 20, 15 and 10 meters. These systems are called Quads because the 
wire configuration has four sides. Hundreds of designs have appeared 
in the various Amateur Radio publications over the past ten years. A 
10-year index to articles is given in Chapter 13. 

The electrical design for a Quad is straightforward. It consists 
of a number of full-wavelength wire loops spaced to give power gain 
and directivity. A multiband Quad is usually a series of compromises 
needed to meet certain objectives. The deviation from optimum de- 
sign is required by mechanical considerations and economics. These 
variations, however, have only a minimum impact on performance. 

The mechanical design for a Quad is cumbersome at best. It’s a 
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three-dimensional antenna. There are a number of design techniques 
which have proven successful over the years. The more important 
ones will be discussed here. 

There are a number of common materials used to support the 
wire loops. Aluminum spreaders have been used with success but one 
must be sure the aluminum is not resonant on or near the operating 
frequencies of the system. In most cases, the aluminum spreaders 
must be broken electrically in half with some insulation material. In 
a three-band Quad, the spreaders are quite long and insulators within 
the aluminum spreaders present a difficult mechanical problem. As 
a general rule, aluminum spreaders should be avoided. 

Another commonly used material for Quad poles is bamboo. 
Bamboo is far better than aluminum, but is heavy and not very dura- 
ble. Bamboo poles are becoming difficult to obtain. Suggested 
sources are sporting goods stores (bamboo is used for simple fishing 
poles) and rug dealers. Many rugs are shipped from manufacturer to 
retailer wrapped on a bamboo rod. The principal advantage is the 
cost. They are inexpensive when compared with fiberglas spreaders. 

If the amateur is primarily interested in a sturdy antenna which 
will stand up to reasonable amounts of weather abuse, then fiber- 
glas poles are the best solution. They are expensive as compared to 
other materials mentioned above. However, their light weight, dura- 
bility and ease of handling make them a very good long-term invest- 
ment. Dealers for fiberglas poles may be found in the advertising 
pages of most Amateur Radio publications. 

There are a number of mechanical aspects to Quad construction 
which need careful attention. Broken wires are a common problem 
with these antennas and care must be given to reducing wire fatigue. 
The inexperienced Quad builder could be caught in one of several 
pitfalls. First, bare wire must always be used unless you are willing to 
follow a cut-and-try approach to making the system perform proper- 
ly. Vinyl-covered copper wire has a slightly different propagation 
factor than bare wire, thereby making it operate as if the wire 
were electrically longer. Since a majority of dimensions published 
use bare wire (although it is not always specified), it is best to 
follow that format. If your wire is vinyl or plastic jacketed, strip 
the insulation off before using it. Enamel-coated wire may be as- 
sumed to be bare. 

Stranded wire ys. solid wire is a controversy which has existed 
for many, many years. Generally speaking, stranded wire is more 
flexible than solid wire and should hold up better during windy 
weather conditions. The secret to long-lasting wire connections 
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to the poles is to immobilize the points of connection to prevent 
wire flex. If the wire doesn’t flex much and right-angle tight bands 
are avoided, either stranded or bare wire will give adequate perform- 
ance. 

There are a number of generally accepted ways to attach wires 
to poles of a Quad. One way is to drill a hole through the fiberglas 
and run the wire through it. Some amateurs believe this procedure 
weakens the structural integrity of the spreader. It also necessitates 
a tight right-angle bend in the wire. Abrasion at the hole can work 
against both the wire and the poles. 

A better way to attach the wires to the poles is with several 
wraps of thin nylon string. The wire can be made to take a gentle 
turn and will not be subjected to the cutting action of a hole in the 
pole. Because most fiberglas rods are tapered toward the center- 
mounted butt end, tne nylon string, if tied tightly, will not slide in- 
ward on the pole. Epoxy coverage over the string is not recommend- 
ed, since it would make repairing a broken wire almost impossible. 

For most Quad applications, the wire size should be at least a 
No. 16. In geographical areas subjected to some winter ice condi- 
tions, No. 14 would be a better choice. For those amateurs living in 
areas of the country where heavy ice occurs, Quads are not recom- 
mended at all! 

Another point of argument between experienced amateurs is 
the diamond- vs. square-design configuration for the loops. Some 
builders contend that because the top and bottom of a diamond- 
shaped Quad are wider spaced than the top and bottom of a square 
Quad, a diamond Quad has slightly more gain. Others maintain that 
the square system of wires is slightly higher above the ground for a 
given tower height, and therefore makes it a better performer. While 
both of these contentions are probably valid, the difference between 
performance of one arrangement and the other is probably undetect- 
able in actual operation. 

In Quad design, mechanical considerations are far more impor- 
tant than gain or height above ground. Giving up a little gain or 
height above ground is a good trade off for mechanical strength. If 
the Quad is to be mounted on a guyed tower, the square configura- 
tion allows slightly more clearance between the bottom of the wire 
loops and the guy wires. But if the Quad is to be subjected to winter 
ice storms, the diamond shape should be seriously considered. The 
vertical upright fiberglas member of a diamond-spreader bank tends 
to support the rest of the array when it is covered with ice. As long 
as the vertical spreader remains vertical, the wires will hold the hori- 
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zontal spreaders in place. The square Quad has no vertical support 


and sags significantly under ice-loading conditions. An ice storm or 
freezing rain presents a real threat to any Quad design. 


Most two-lement Triband Quads use 8 feet as a boom length. 
This is ideal spacing for 15 meters, very wide spacing for 10 meters, 
and close spacing for 20 meters. A boom longer than 8 feet would de- 
grade performance on 10 meters. A two-element Quad boom of this 
size is usually made from aluminum tubing which is two inches OD 
and has a wall thickness of .058 inches. The boom-to-mast plate is 
made from quarter-inch-thick aluminum plate fitted with automo- 
tive muffler clamps. The plated muffler clamps are preferred and are 
usually available at discount stores, not automotive supply houses. 
When the design of a Quad is expanded to more than two elements 
and the boom is lengthened to 18 or 24 feet, three-inch tubing with a 
wall thickness of 0.125 inch is recommended. A 1-1/2-foot square 
mast plate of hardened aluminum 3/8-inch thick will be needed to 
hold the system in place. Boom lengths of more than 24 feet are not 
recommended for the inexperienced Quad builder. While Fig. 12 
gives the dimensions for a 30-foot boom, four-element Quad, the 
mechanical engineering needed to successfully complete and install a 
project of this magnitude is well beyond the scope of this publica- 
tion. 

Spreader mounts may be purchased from a number of suppliers 
as commercially manufactured hardware. For those amateurs wishing 
to construct their own spreader mounts, aluminum or steel angle 
stock is recommended. The aluminum angle stock may be attached 
to the boom with one muffler clamp. Two angle stocks are needed 
for each spreader bank. The fiberglas poles are attached to the angle 
stock with automotive hose clamps. Avoid the desire to drill holes in 
the fiberglas butt end to mount the poles with nut-and-bolt hard- 
ware. Angle stock mounting of the poles has one very important ad- 
vantage mechanically. The horizontal spreader set of poles is mount- 
ed to the boom independent of the vertical set. Because the tips of 
the spreaders are connected by wires, one set will tend to hold the 
other set in place when the system is subjected to high winds. The 
possibility of a rotating set of spreaders around the boom is greatly 
reduced. 


Figs. 9 through 12 give some examples of popular Quad designs used 
throughout the world. The amateur builder may select any one of 
these to meet his particular needs. Or, he may develop his own plan 


based on a variation of these designs. That’s what makes Quad build- 
ing fun: Almost any configuration will give good performance and it 
is easy to “roll your own.” 

Every antenna described here uses a separate feedline for each 
band. An alternative plan would be to install a coaxial relay near the 
antenna to select the desired band of operation. The connection of 
more than one element to a feedline is not recommended. Balun 
transformers and things of that type are not needed: Each element is 
fed directly with coaxial cable. 

Fig. 9 is a two-clement Triband Quad. It is simple to build and 
will give excellent performance in power gain and directivity. Esti- 
mated gain over a dipole is about 7 dB. This design can be construct- 


Fig. 9 — The popular two- 

TRIBAND TWO-ELEMENT QUAD element Quad has a short boom 
length and good gain. Two con- 
figurations may be used; see 
text for discussion of advantage 
vs. disadvantage. 
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ed by the inexperienced Quad builder if the format given in earlier 
paragraphs is followed and the builder plans each phase of the proj- 
ect before beginning. 

An enlarged version of the conventional two-element Quad is 
shown in Fig. 10. Wider spacing is employed to give slightly more 
gain over a greater bandwidth percentage of both 15 and 20 meters. 
Because the spacing for 20 meters is wide, a third element spreader 
bank is included to provide coverage for both 15 and 10 meters. 
Ideally, the third element would be mounted half way between the 


Fig. 10 — A wide-spaced Quad 
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outside elements but that position is occupied by the mast and 
boom-to-mast plate. Therefore, the third element is offset one foot 
toward the director element. One spreader bank contains reflector 
loops for all three bands. The center assembly holds the driven ele- 
ments for both 15 and 10 meters. The other spreader bank contains 
a driven element for 20 meters and a director loop for 15 and 10 
meters. The feedpoint impedance for all three bands will be close to 
100 ohms and a coaxial quarter-wayelength matching section of 72- 
ohm coaxial cable is recommended for use with 52-ohm feedlines. 
An alternative plan would be to use 72-ohm coax cable for all three 
bands of operation. This would cause only a slight increase in the SWR 
at resonance. See Table 4 in Chapter 3 for the length of cable required. 
lig. 11 diagrams the simplest of all Quads presented here. Both 
the spreaders and the boom can be constructed of wood stock. 
Dowel, 1/2-inch diameter or greater, will serve well as spreaders and 


any ordinary section of lumber may be used for a boom. Because of 
the short physical length of the wires, holes may be drilled through 
the dowels to hold each wire in place. All wooden components 


should be painted or varnished to protect them against rain and other 
foul weather. 


Small physical size and moderately high power gain are the key fea- The ZL-Special 
tures of the ZL-Special array. Estimated gain over a dipole is just un- 
der 5 dB. For operation on 80 and 40 meters, the array can be strung 
between poles and used for fixed-direction operation. For 15 and 10 
meters, the elements made from wire may be attached to fiberglas 
poles to make a lightweight rotatable system. Element phasing is ac- 


complished using 450-ohm open-wire twisted once. The phasing line 
Fig. 11 — A two-element Quad for 10 meters is simple to build using lightweight materials. 
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is stretched tightly between elements. See Fig. 13 and Table 5 for 
details. Open-wire is used for the elements — folded dipole style — 
and for the feedline to the station transmitter. A balanced-output 


Transmatch is recommended, see Chapter 9. 


Increasing the length of the simple dipole to double the size (each 


Two Half Wavelengths in 
Phase and the Double- half of the dipole being a half-wavelength long) gives slightly under 
Extended Zepp 2 dB of additional power gain over a standard half-wavelength di- 


pole. By extending the length beyond two half wavelengths to a di- 
mension of 0.64 wavelengths on each side, we can develop an addi- 


Fig. 12 — A high-performance 4-element triband Quad. 
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tional dB of gain over the Two Half-Wavelength dipole. This array 
is called the Double-Extended Zepp. 

Fig. 14 shows both the Two-Half-Wavelength in-phase array 
and the Double-Extended Zepp. Both systems have a high feedpoint 
impedance and open-wire is recommended for the feedline. The 
radiation pattern for either system is broadside to the wire, but the 
Double-Extended Zepp directivity pattern is more pronounced 
(sharper) with deeper nulls in the direction of the wire. If the 
Double-Extended Zepp antenna is considered for the main trans- 
mitting antenna, be sure to position it correctly. For instance, if 
you are located in southern Florida, you wouldn’t want to orient 
the direction of the wire on a north-south path if the desired com- 
munications was with the New England states. The Double-Extended 
Zepp must be pointed in a useful direction. 


Many times the amateur has the need to operate on several bands but Parallel-Connected Dipoles 
is restricted to the number of antennas that can be installed on his 
property. One simple solution to the problem is to install a system 
known as Parallel dipoles. A number of dipoles may be tied together 


at the center point for interconnection with a single coaxial cable 


Fig. 13 — The ZL-Special an- 
tenna has good gain and di- 
rectional characteristics con- 
sidering its overall size. See 

anata Table 5 for dimensions to use 

OPEN-WIRE on any HF amateur band. 300- 

PHASING LINE or 450-ohm Twinlead may be 
RADIATION used as a feedline if a Trans- 
match is used to couple it to 
the transmitter. 


72-OHM TWINLEAD 
TO TRANS. 


Table 5 


Dimensions for the ZL-Special antenna shown in Fig. 13. 
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feedline. Fig. 15 shows two ways of accomplishing the task. One can 
properly trim individual conductors of TV ribbon rotator cable to 
produce a number of dipoles within the same cable. Another method 
for obtaining the same results is to use separate dipole wires for each 
band with all of them connected together at the center. Any number 
of wires (bands) may be used, one for each band of operation. Be- 
cause a half-wavelength dipole works on odd-numbered harmonic 


frequencies as well as on the funadmental frequency, a 15-meter wire 
dipole is not needed if a 40-meter dipole already has been included. 
From the mechanical viewpoint, rotator cable (TV ribbon wire) 
is suitable for 20, 15 and 10 meters. It is not strong and will not sup- 
port spans of 35 or more feet with any assurance that it will remain 


Fig. 16 — Typical dipole configurations used by amateurs today. 
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suspended and not become a hazard to the community. If 80- and/or 
40-meter operation is desired, it would be best to use a No. 14. oy 
No. 16 wire for those bands and suspend the TV ribbon line under. 
neath it for the other bands. The feedpoint impedance for the Paral- 


lel dipole is 72 ohms. 
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Aluminum Antennas 


Ween gain and directivity are needed for Amateur Radio work, 
the usual method of achieving it is with a rotating antenna, Quads 
were discussed in Chapter 4; Yagis will be covered here. Aluminum is 
used for Yagi construction because it is light in weight and easy to 
work with. 


A Yagi antenna, by popular definition, is a multielement array con- 
structed of aluminum parts and mounted on a pole or tower. Only 
one element is directly driven with rf energy. Other elements re- 
radiate energy received from the driven element. The length of each 
of these parasitic elements and their spacing from the driven and 
other elements develops phase relationships within the system which 
cause the energy to be concentrated more in one direction than in 
another. 

The Yagi antenna may have any number of elements. For HF 
band operations, the practical limit is determined by the physical 
magnitude of the final product. VHF and UHF arrays with 12 to 16 
elements are not uncommon. At HF, a 12-element antenna is a very 
rare piece of hardware, indeed. The mechanical size limit for HF an- 
tennas is about eight elements for 10 meters, six for 15 meters, five 


The Yagi 


A 40-foot boom 20-meter Yagi 
is shown on top with a four- 
element 15-meter Yagi mount- 
ed below it. The bottom an- 
tenna is a three-element 10- 
meter array. This system was 
used for Field Day at W1VV. 
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for 20 meters, and three for 40 meters. While it is possible to build 
larger arrays, the number of them which actually exist in the world 
today can be counted on the fingers of one hand. This chapter des- 
cribes HF antennas which are practical to build. Even the larger ones 
shown elsewhere in this section are very formidable projects. 


Yagi Subassemblies There are a number of components common to Yagi antennas. What 
follows is a review of important considerations. 

The Boom The main supporting structure for a Yagi is the boom. Alumi- 

num tubing is strong and is recommended for use with every kind of 

Yagi except, perhaps a two-element 10-meter array. The tubing diam- 

eter and wall thickness are determined by the number of elements, 

their spacing and overall length. Connection of guy wire supports to 

midpoints on the boom is necessary when it is more than 20 feet 

long. The truss, as it is often called, is especially helpful during windy 

weather conditions and under heavy ice loads. Table 1 offers general- 


Table 1 


Typical hardware dimensions for heavy-duty construction of Yagi antennas. 
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ized guidelines to select hardware for different sizes of Yagi anten- 
nas. Aluminum tubing is available from wholesale dealers listed under 
“Aluminum Suppliers” in the Telephone Book Yellow Pages. 

Yagi boom length is often the best indicator of antenna gain 
potential. The longer the boom, the higher the gain (assuming addi- 
tional elements are properly spaced on it). There are an infinite 
number of combinations for boom length, number of elements, 
lengths of these elements, and their relative position on the boom. 
Unfortunately, a popular set of dimensions has never evolved as 
“standard.’? Because closely spaced elements increase the Q of the 
antenna, and because the higher the Q, the narrower the bandwidth, 
close-spaced-element Yagi antennas require more careful tuning than 
do wide-spaced arrays. While some texts insist that close spacings are 
needed to obtain maximum gain from a given boom length, they 
overlook mentioning that element-length tuning is very critical under 
these conditions. For the amateur who builds his own Yagi antennas, 
it is better-to use a wide spacing between each element to avoid the 
possibility of mistuned elements. 

The boom truss, if one is used, should be extremely strong. It 
is unwise to use rope or aluminum guy wire. Rope stretches and 
aluminum wire fatigues and breaks. Guy wire, 3/16 or 1/4 inch in 
diameter, made of galvanized steel is recommended. Proper tension- 
ing of the truss to level the boom is accomplished with turnbuckles 
as shown in Fig. 1. The eye and jaw of each turnbuckle must be 
strung with wire to prevent unscrewing caused by vibrations. Often 
times when a boom truss separates, the boom folds down. A broken 


SAFETY 
WIRE 


“. .. closely spaced elements 


increase the Q of the an- 


tenna ...” 


Fig. 1 — Turnbuckles at the 


top of a mast used to keep ten- 
sion on a truss must be safety 


wired to prevent untwisting. 
The wire is represented by a 
dotted line. 
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The Boom-to-Mast Plate 


The Mast 


The Elements 


A boom-to-mast plate fabri- 
cated to accept a 3-inch dia- 
Meter boom. 


Chapter 5 


Ee 


boom usually destroys elements, the mast, and sometimes damages 
the tower itself. It must be avoided, obviously . 

This easy-to-fabricate piece of antenna hardware is used to hold 
the boom to the mast. If the boom is made of two sections joined to- 
gether at the middle with an insert, the plate serves to reinforce that 
point. Tight U-bolt hardware compresses the boom tubing to keep 
the insert from moving away from the center. 

With many of the smaller antennas described in Table 1, the 
plate can be made from 1/4-inch thick aluminum sheet. For the larg 
er arrays, steel is recommended, but 3/8th-inch hardened aluminum 
works satisfactorily. Automotive muffler clamps are used to hold the 
boom to the plate and plate to the mast. Discount stores carry plated 
clamps ideal for this application. 

A device which holds the antenna in position atop the tower is 
called the mast. On one end it is fitted with the antenna mast-plate 
hardware. The other end attaches to the rotator. The mast is cut to @ 
length which allows it to extend about three feet above the position 
for the antenna to allow for mounting a truss. 

Common galvanized water pipe serves very well as a mast. Many 
plumbing supply houses will sell Scrap pieces (less than 20-feet long) 
at bargain prices. An important point to remember is that water piP° 
is specified by ID while aluminum tubing is listed by OD. Pipe size 
1-1/2 inch will have an OD of nearly 2 inches, A 1-7/8th-inch €% 
haust-pipe muffler, clamp makes a snug fit to 1-1/2-inch water pipe: 

Choosing stock for the construction of elements can be difficult 
because the tubing diameter determines the overall strength of the 
element. Table 1 gives suitable sizes for hea r-duty an tertnee: The 
element diameter dimension refers to the center section of tubing 
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which is always 12 feet long. End pieces are appropriate lengths of 
one-increment smaller tubing telescoped into the center section to 
achieve the overall length needed for a particular band of operation. 
The grade of stock is 6061-T6. A wall thickness of .058 inch provides 
a snug telescoping action from one size increment to the next. Table 
2 lists specifications for most of the popular sizes of tubing used in 
Yagi construction. 

There are two ways tubing sections can be connected together. 
If adjustments are to be made to the length of an element after it has 
been assembled, four three-inch-long slits should be cut longitudinal- 
ly in the end of the larger tubing. At the point where the tubing over- 
laps, install a hose compression clamp. Hacksaw cuts in the tubing 
must be deburred and filings removed. 

Another way to fasten tubing together is with sheet-metal 
screws. Once a sheet-metal screw is installed, it is difficult, if not im- 
possible, to change the length of the telescoped element. The screw 
causes the sections to bind together. 

Element taper is determined by the length of each section of 
aluminum used. Antenna manufacturers swage sections (form them) 
to develop a dramatic reduction in diameter from one end to the 
other. The purpose is to have a larger diameter at the center of the 
element for support and a thin diameter toward the outer ends to 


reduce wind resistance. Swaging is not practical for the home con- 


Table 2 


Aluminum tubing specifications for 6061-16 grade material 
with a wall thickness of .058” 


: Weight Per 
ID Weight Per 12-Foot Length 
(Inch) Foot (Pounds) (Pounds) 


Alu: 
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“Vibrating elements 
eventually break and fall 
to the ground.” 


“What can enter an ele- 
ment end? Bees and 
wasps!” 


Fig. 2 — Typical aluminum 
dimensions for a 20-meter 
reflector element. 
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structor — nor really necessary for anything but very lightweight an- 


tennas. 
Where element tubing sections are telescoped together, they 


should overlap by about 12 inches. The length of the smaller diame- 
ter tubing should not exceed 75 percent of the length for the larger 
one. Fig. 2 shows an example of a typical 20-meter reflector clement. 

Vibrations can be a problem with aluminum clements. The 
noise can be annoying to the neighbors and the mechanical stress of 
flexing can cause aluminum fatigue. Vibrating elements eventually 
break and fall to the ground. A damper avoids the hazard. Place a 
suitable length of 1/4-inch diameter rope inside each element. It 
should extend from tip-to-tip. Use end caps or corks driven into the 
tubing to keep the rope in place. The rope eliminates any mechanical 
resonance which could destroy the integrity of the assembly. 

End caps or corks are necessary for a few other reasons. They 
will prevent a pipe-organ-like sound from annoying anyone. More im- 
portantly, the caps will prevent anything from entering the tubing 
ends. What can enter an element end? Bees and wasps! Insects at the 
top of a tower present a serious danger to anyone working there. 
Suitable plastic caps are manufactured by Rob-Roy Company and 
are available through most plastic supply houses. Epoxy should be 
used inside the caps to prevent them from falling off. Corks, ham- 
mered into each element end, then trimmed with a saw, work just as 
well. 

Antenna manufacturers connect their elements to the boom ina 
number of complicated ways. One company, for instance, has hard- 
ware which allows the element to pass through the boom. Others use 
preformed steel plates and brackets. This hardware is not generally 
available for homemade antennas. The best substitute for preformed 
steel hardware is aluminum angle stock, 3/16-inch thick, 3 inches on 
a side. One face is used for element mounting, the other is equipped 
with a U-bolt clamp to fit the boom. See the photograph. A 6-inch 


CENTER SECTION 12-FEET LONG, 


EACH END HAS TELESCOPING SECTION THE TIP 1S.4-1/2' LONG, 
WHICH IS 9-FEET LONG, 1-1/8” DIAMETER, 1" DIAMETER, .058"" WALL. 
WITH A .058" WALL. THERE ISA 1'OVERLAP. THE OVERLAP IS6". 

THE TOTAL LENGTH TO THE ENDS OF SECTION 

21S 28 FEET. 


long section of angle stock is adequate for the parasitic elements 
where insulation of the element from the hardware isn’t necessary. 
When the element is to be directly fed with coax cable, the alumi- 
num needs to be isolated from the clamps. A suitable arrangement 
is shown in the photographs. Here, two angle stocks are bolted to- 
gether to give added strength. 

The simplest way to feed a Yagi antenna is to directly connect 
the coax cable to a split element, as mentioned above. Wind several 
turns of coax cable and tape it to the boom near the feed point as 
outlined in Chapter 3. The element is insulated from the mounting 
hardware with PVC plastic pipe slipped over the tubing. PVC pipe is 
available at most plumbing supply houses. Be sure to select the cor- 
rect ID to slip over the aluminum. Appropriately sized muffler 
clamps are used to hold the insulated element in place. 

For most Yagi antennas with element spacings of greater than 
0.18 wavelength, the drive-point impedance will be approximately 40 
ohms. This is a reasonable match for 52-ohm coax. When the ele- 
ments are closely spaced (closer than 0.14 wavelength), a matching 
network should be used. Numerous designs, some very exotic, are 
described in the Amateur Radio literature. The only network to ever 
gain substantial popularity among amateurs is the Gamma Match. 

The Gamma Match is a piece of tubing mounted parallel to the 
driven clement at a specified distance. A connection to the driven 
element is made at a point off center (see Fig. 3). Because the rod in- 
troduces some inductive reactance, a series capacitor is needed to 
tune the system. 

Adjustment of the Gamma Match is relatively simple. However, 
one must be prepared to make these adjustments with the antenna 
mounted in place. Gamma Match rod and capacitor networks rarely 


A simple homemade boom-to-element An insulated and split driven element 


clamp is fabricated from aluminum can be made from PVC plastic pipe 
angle stock and U-bolt hardware-as de- and aluminum angle stock. Shown 


scribed in the text. here is one-half of a suitable assembly. 


The Driven Element 


“The simplest way to feed 
a Yagi antenna is to direct. 


ly connect the coax cable 
to a split element ...” 
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ee ————— 
work properly if preset with the antenna at or near ground level. A 
three-element Yagi has the driven element located near the center of 
the boom making Gamma changes quite easy. More than three ele- 
ments in a system places the Gamma components out of reach from 
the tower and some boom-tilting arrangement will be needed. 

To adjust a Gamma Match, place a power meter or SWR. indica- 
tor as close as possible to the coax cable connection to the antenna. 
Alternate adjustments of the capacitor and the Gamma-rod tap point 
until a proper match is achieved. A power level of about 10 watts 
should be sufficient to give adequate power-meter deflection. 

There are two ways to obtain the proper amount of capacitance 
for the Gamma-Matching network. The best arrangement is to place 
a small transmitting variable capacitor in an insulated box mounted 
on the boom close to the Gamma rod. A plate spacing of 0.1 inch or 
larger is needed for power levels up to the legal limit. 


Fig. 3 — Circuit diagram for a 
Gamma Match. Dimensions 
are given in Table 3. 


-e—- OVERALL RESONANT DRIVEN ELEMENT——>} 


Table 3 


Dimensions for Gamma Match 
circuits as shown in Fig. 3. 
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SLIDING TAP 


>—RG-8A OR EQUIV. 


GAMMA ROD 


CENTER 
OF 
ELEMENT 


Suggested Starting Point Dimensions 


120 inches 10 inches 


48 inches 6 inches 
36 inches 5 inches 
24 inches 4 inches 


SE 
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The other option for developing the proper amount of capaci- 
tance is to use telescoping aluminum rods with an insulation material 
between sections. Plexiglas (or polystyrene) tubing is the best mater- 
ial for insulation because it is readily available and inexpensive. The 
outer rod should be 3/4-inch OD aluminum tubing with a .058-inch 
wall. The inside rod is 1/2-inch tubing. A Plexiglas rod which is 5/8- 
inch OD and has a thin wall will slip in between the two sections of 
tubing. 

For the amateur interested in more sophisticated (and hence 
more difficult to build and adjust) matching networks, reference 
should be made to Jerry Hall’s work in the ARRL Antenna Book, 
Chapter 3. 


Most of the information presented above applies to antennas de- 
signed for 20, 15 and 10 meters. Because of the physical size in- 
volved, a 40-meter Yagi needs to be treated differently. This is not a 
project for the beginning antenna builder. 

Seventy-three-foot-long elements will sag considerably unless pre- 
cautions are taken to prevent it. Mechanically, the best way to re- 
duce severe sagging is to follow the approach developed by Wilson 
Electronics for use with their commercially manufactured 40-meter 
beams. The element center section consists of two 20-foot-long tub- 
ing sections butted together with an inner sleeve. The tubing is 2 
inches in diameter. At each end of the tubing there is an adapter ring 
to give an abrupt size reduction for one-inch tubing. See the photo- 


A dramatic reduction in element diameter is necessary with extremely long ele- 
ments to reduce sag. 
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A 40-Meter Yagi 


A 40-meter two-element Yagi. 
The boom is 24-feet long. Note 
the coil of coax at the driven 
element. The parasitic element 
is a reflector. 


i nn 
Le 
graph. The total sag will be less than 5 feet, center to tip. Overall 
dimensions for the Yagi are given in Fig. 4. 


Installation of a The operative word is planning. There are several ways to approach 
Yagi Antenna the job and ihe method adopted will depend upon the individual fac- 
tors involved. Crank-down and tilt-over towers make antenna mount- 
ing very easy. All of the assembly work may be done while standing 
on the ground. There are two disadvantages to this type of lower: a 
safety hazard exists with any crank tower. And, it is impossible to 
make antenna adjustments when the antenna is in its final position. 
Under no circumstances can a person climb a crank-up or tilt-over 
tower! 
If the amateur is fortunate and owns a free-standing tower, the 
antenna may be pulled straight up the tower side with the aid of a 
rope and pulley system. If the pulley is attached above the position 


Fig. 4 — A two-element wide- 
spaced Yagi. REFLECTOR 


DRIVEN ELEMENT 


Two-Element Wide-Spaced Direct-Feed Antenna 


Amateur | Band Dimensions 
Band Segment Reflector | Driven Boom Boom 
Element | Diameter | Length 
40 CW 73'0” 666” 
Meters Phone 71'5"" 65'9"" 24' 
20 364" 33'6" 12’ 
Meters Phone 360" 3311" 12' 
23'9" 22'2" 
Meters Phone | 235" =| 21111" 
10 17'4" 166” uy 
Meters Phone 17'0" 163” ‘ 
ences [rw [eso 


ise s|.24 
Sn a 
10 Meters Pee (ee 1 
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where the antenna is to be fastened, the antenna may be raised to its “Note: For every 40 
final height and bolted in position in relatively short order. Easy. pounds of antenna weight, 
The first really difficult mechanical job that an amateur is likely two men are needed to 
to encounter is the mounting of a Quad or Yagi antenna on aguyed pull on the rope.” 
tower. Here, more than one person will be needed. The antenna is 
slowly maneuvered up and around the guy wires by a person climb- 
ing alongside the antenna. Note: for every 40 pounds of antenna 
weight, two men are needed to pull on the rope. An 80-pound anten- 
na requires four strong men on the ground. Don’t be fooled into 
thinking less manpower can do the job! 
In order for a person climbing the tower to be able to swing the 
elements around guy wires, the beam must be perfectly balanced at 
the point where the rope attaches. Not only will an unbalanced weight 
cause difficulty in swinging elements clear of guys, when the antenna “.. . the beam must be per- 
arrives “‘on location,’ it will be impossible to align the antenna hard- fectly balanced at the 
ware with the mast. A balanced weight is an absolute requirement. point where the rope 
An easier way to install an already assembled Yagi is to run a attaches.” 
line (strong rope) from the top of the mast to some distant point on 
the ground. This method requires the rope to be attached well be- 


yond the outer guy wire anchors to allow the antenna to ride the 


“rail” up to the apex of the tower without guy-wire interference. 
A pulling rope attaches to a pulley and hook, which in turn holds the 
antenna. The pulling rope runs to the top of the tower, passes 
through a pulley and returns to the ground. The “‘rail” rope must be 
drawn extremely taut in order to keep sag at a minimum. Be careful, 


A four-element, 10-meter Yagi is 
stacked over a two-element, 40- 
meter antenna. 
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however, not to bend the mast. It is also a good idea to fasten anoth- 

er rope to the antenna boom a few feet from where the “‘rail”’ pulley 

A tilting mast bracket allows connects. This tag line may be needed to modify the position of the 
al to tip over in either antenna at any given time during its travel to the top of the tower. 

irection to allow access to 

the elements. When only one person is available to accomplish the antenna in- 

stallation, that person can attach the elements to the boom while 

standing on the tower. Fabricate a plate to hold a horizontal mast 

section and attach it to the vertical mast at the top of the tower. The 

antenna boom-to-mast plate then is mounted horizontally and is al- 

lowed to tilt in either direction. See the photograph. First, mount 

the boom in place. A long rope needs to be attached to one end. Tilt 

the rope end of the boom up so that the other end swings down a- 


Pi longside of the tower. Install the elements on this end of the boom. 
a ‘<& Then, pull (slowly) on the rope attached to the other end of the 


Fig. 5 — A three-element Monobander. 


REFLECTOR 


Dimensions 


Amateur 
| Spacing 
Band Director | Boom 
Length mn. | g qB% 


35'2” 3210” 
Phone 34'10"" 32'6" 


236" ae 6” 21°10" 
Phone 23'2" 22'4" 21'8" 
cw 17'7" 16'10" 16'6” 
Phone 17'4" 167" 162" 


10 Meters ToS wa ' 
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boom to rotate it down to within easy reach. Attach the remaining 
elements, then disconnect the rope. Since all of the elements are now 
in place and the boom is a balanced weight, it is simple to move the 
boom to the horizontal position and tighten all of the hardware. 

While it is easy to offer the written word describing how to 
assemble antennas and install them, actual implementation is not 
always as simple. Much planning is needed. Design each move very 
carefully to eliminate any surprises when you are on top of your 
tower. Prepare a set of step-by-step instructions of what you plan to 
do. Review your plans with an experienced friend. And, by all 
means, always assume the work is going to take three times longer 
than you think it will. 


Developing a design for a Yagi system is not always a simple matter. 
One needs to decide how big the antenna is to be. Then, using the 
guidelines outlined earlier in this chapter, develop hardware to ac. 
complish the task. A broad cross-section of Yagi designs is given in 
Figs. 4. through 9. They may be copied exactly or modified to suit 
individual preferences. 


The Ground Plane antenna is popular because it performs well for 
DX operations, doesn’t require rotation, and is simple as well as 
economical to build. Fig. 10 shows an aluminum Ground Plane an- 
tenna with dimensions given for 20, 15 or 10 meters. Of course, this 
antenna can be constructed of wire and suspended from a tree or 
other support. Or, just the vertical element can be made from alumi- 
num; the radials may be used as guy wires to hold up the mast sup- 
porting the vertical member. 


Fig. 6 — A wide-spaced 20-meter, four-element Yagi. 


20-Meter 4-Element Wide-Spaced Yagi 


Amateur| Band Driven First Second 
Band Segment | Reflector| Element | Director | Director 


20 
Meters SBN 


Boom length and diameter: 40’ X 3’’ OD X .065 wall 


“While it is easy to offer 
the written word describing 
how to assemble antennas 
and install them, actual im- 
plementation is not always 
as simple.” 


Yagi Design 


Ground Plane Antennas 


REFLECTOR 


DRIVEN 
ELEMENT 


FIRST 
DIRECTOR 


SECOND 
DIRECTOR 
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Fig. 7 —A 15-meter high-performance 
Yagi. 


8'10" 


DRIVEN 
ELEMENT 


FIRST 
DIRECTOR 


SECOND 
DIRECTOR 


THIRD 
DIRECTOR 


High-Performance 15-Meter Yagi 


Amateur | Band Dimensions 
Band Segment Driven First Second Third 
Reflector| Element | Director| Director ca 


Boom length and diameter: 32’ X 3’ OD X .065”’ thick 


Fig. 8 — A two-band Yagi for the active Novice operator. 


Amateur | Band | Dimensions 10-METER 
Band Segment Driven REFLECTOR 
Reflector Element Director ye 
WAL 15-METER 
et a | REN CEGTDR 
eo es . 


Pewee ae 


Boom Ges and diameter: 12’ X 2’ OD X .058" thick. 10-METER 
DIRECTOR 


10-METER 
DRIVEN ELEMENT 
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Fig. 9 — A 10-meter 4-element 
REFLECTOR Yagi. 


DRIVEN 
ELEMENT 


FIRST 
DIRECTOR 


SECOND 
DIRECTOR 


TOTAL BOOM LENGTH: 20 FEET 
BOOM DIAMETER: 2” OD 


10-Meter 4-Element Conveniently Sized Yagi 


Amateur | Band 

Band Segment Driven First Second 
Reflector Element Director Director 

10 em rr ee ee 


Boom length and diameter: 20’ X 2” OD X .058” thick. 


[one] wove [ome oe [oer | 


Fig. 10 — An aluminum tubing 
Ground Plane for 20, 15 or 10 
meters (including Novice seg- 


Ground Plane for Three Bands 
ments). 


Amateur| Band Dimension 
Band Segment 


A dpdt relay is used to change 
the position of the phasing line 
to switch the pattern of radia- 
tion for a vertical system. A 
plastic food container serves 
well as a chassis. 


Phased Verticals A directional array may be constructed using two verticals properly 
spaced and phased. Fig. 11 gives a pictorial diagram of a phased array 
with relay switching of directions. The system may be mounted at 
ground level, and in locations of high ground conductivity , radials are 
not necessary. Stated another way: If you live within five miles of a 
large body of salt water, you probably don’t need radial wires. Other- 
wise plan on using them! A circuit diagram for the relay box is given 
in Fig. 12 and shown in the photographs. 


Fig. 11 — Two-element phased 
verticals are popular because of 
their good DX characteristics. 
See Table 4 for dimensions. 


ELEMENT ELEMENT 
NO, 2 NO. 1 


IF RADIALS ARE USED, 
THEY ATTACH HERE AT. 
BOTH ELEMENTS 
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Table 4 
Dimensions for Phased Vertical arrays. 


RG-8U Element Length and 
“A” Spacing Between Elements 


46'4" 57'7" 70'3"" 
42'9" 53'1"" 64'9"" 
23'2" 28'9" 351" 
22'7" 28'0"" 34'2" 
11'6" 14'4” 17'5" 
114” 1411" 17'2" 
7'8” 974 11'8” 
ey Sidi 116" 
519” Oe 8’9"" 
Bi 7'0" 8'7" 


CENTER COND. 
COAX PHASE-SHIFT LINE 
SHIELD 


CENTER COND. 
COAX TO ELEMENT NO. 1 
SHIELD 


To CENTER COND. 
TRANS. SHIELD 


CENTER COND. 
COAX TO ELEMENT NO. 2 


SHIELD 


CENTER COND. 
SHIELD 


COAX PHASE-SHIFT LINE 


Fig, 12 — Circuit diagram for a relay network for switching the directivity of a phased vertical array. Seetheneeles 
graph for details of construction. 
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Beam Headings 


Bean directions are given from the large United States metropoli- 
tan areas to the known DXCC country listing. Bearings are for either 
the largest city or the capitol. For strings of ocean islands, the ap- 
proximate geographical center is used. 

The author of this publication wishes to thank Ed Kalin, KIRT, 
of West Hartford, Connecticut, for developing both the hardware and 
software to make this detailed information available. 
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Boston 

A2 ‘Botswana 
A3 sc Tonga 

A4X Oman 

A5 ‘Bhutan 

A7X Qatar 

A9X_ Bahrain 

AP Pakistan 

BV Taiwan 

BY China 

C2 Nauru 

C3 = Andorra 

C5 Gambia 

C6 Bahamas 

cg Mozambique 
CE Chile 

CEQA Easter Is. 
CE@X San Felix 
CEQZ Juan Fernandez 
CM Cuba 

CN Morocco 

cP Bolivia 

CR3 Guinea-Bissau 
CR9 Macao 

CT Portugal 

CT2 Azores 

CT3 Madeira Is. 
CX Uruguay 

D2 = Angola 

D4 — Cape Verde 
D6 Comoros 

DL Rep. of Germany 
DM German Dem. Rep. 
DU Philippines 
EA Spain 

EA8 Canary Is. 
EA9 Ceuta/Melilla 
EI Rep. of Ireland 
EL Liberia 

EP Iran 

ET Ethiopia 

F France 
FB8W Crozet 


FB8X Kerguelen Is. 
FB8Z Amsterdam/ 


St. Paul Is. 
FC Corsica 
FG Guadeloupe 
FG/FS Saint Martin 
FH = Mayotte 
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105 
263 


106 


116 
119 


159 
160 


New Caledonia 
Martinique 
Clipperton Is. 
St. Pierre/Miquelon 
Glorioso Is. 
Juan de Nova 
Reunion 
Tromelin 

Wallis & Futuna 
French Guiana 
England 

Isle of Man 
Northern Ireland 
Jersey 

Scotland 
Guernsey 

Wales 

Solomon Is. 
Hungary 
Switzerland 
Liechtenstein 
Ecuador 
Galapagos Is. 
Haiti 
Dominican Rep. 
Colombia 
Malpelo Is. 

San Andres 
Korea 

Panama 
Honduras 
Thailand 
Vatican 

Saudi Arabia 
Italy 

Sardinia 
Djibouti 
Grenada 

Japan 

Minami Torishima 
Ogasawara 
Mongolia 
Svalbard 

Jan Mayen 
Jordan 

Baker Is. 
Navassa Is. 

E. Caroline Is. 
W. Caroline Is. 
Guantanamo Bay 
Guam 

Mariana Is. 


59 
63 
81 
161 
335 
329 
327 
1 

13 
27 


KH6 
KH7 
KH3 
KL7 
KH4 
KP4 
KHSK 
KH5 
KP3 
KH8 
KP2 
KH9 


OHO 


Hawaiian Is. 
Kure Is. 
Johnston Is. 
Alaska 
Midway Is. 
Puerto Rico 
Kingman Reef 
Palmyra Is. 
Serrana Bank 
American Samoa 
Virgin Is. 
Wake Is. 
Marshall Is. 
Canal Zone 
Norway 
Argentina 
Luxembourg 
Bulgaria 

Peru 

Lebanon 
Austria 
Finland 
Aland Is. 
Czechoslovakia 
Begium 

Faroe Is. 
Denmark 


Papua New Guinea 


Netherlands 
Neth. Antilles 
St. Maarten 
Brazil 
Fernando 

de Noronha 
St. Peter/St. Paul 
Trindade 
Surinam 
Bangladesh 
Seychelles 
Sao Tome 
Sweden 
Poland 
Sudan 
Egypt 
Greece 
Crete 
Dodecanese 
Mount Athos 
Turkey 
Iceland 
Guatemala 
Costa Rica 


Cocos Is. 
Cameroon 


Cent. African Emp. 


Congo 
Gabon 
Chad 

Ivory Coast 
Mali 


Eur. Russ. SFSR 
Franz Josef Land 


Kaliningradsk 
Asiatic Russia 
Ukraine 
White Russia 
Azerbaijan 
Georgia 
Armenia 
Turkoman 
Uzbek 
Tadzhik 
Kazakh 
Kirghiz 
Moldavia 
Lithuania 
Latvia 
Estonia 
Sable 

St. Paul Is. 
Australia 
Lord Howe Is. 
Christmas Is. 
Cocos Is. 
Norfolk Is. 
Heard Is. 
Macquarie Is. 
Belize 
Antigua 
Dominica 
Anguilla 

St. Kitts 

St. Lucia 
Montserrat 
St. Vincent 


British Virgin Is. 
Turks & Caicos Is. 


Falkland Is. 

S. Georgia Is. 
S. Orkney Is. 
S. Sandwich Is. 
S. Shetland Is. 


vPg 
vag 
VR1 
VR1 
VR6 
VS5 
VS6 
VS9SK 


Vvu7 
VU7 


XF4 


Bermuda 
Chagos 
Phoenix Is. 


Gilbert & Ocean Is. 


Pitcairn 
Brunei 

Hong Kong 
Kamaran Is. 
India 
Andaman 
Laccadive Is. 
Mexico 
Revilla Gigedo 
Upper Volta 
Khmer Republic 
Vietnam 

Laos 

Burma 
Afghanistan 
Indonesia 
Iraq 

New Hebrides 
Syria 
Nicaragua 
Rumania 
Salvador 
Yugoslavia 
Venezuela 
Aves Is. 
Albania 
Gibraltar 

St. Helena Is. 
Ascension Is. 


Tristan de Cunha 


Rhodesia 
Cayman Is. 
South Cook Is. 
North Cook Is. 
Niue 

New Zealand 
Campbell Is. 
Chatham 
Kermadec Is. 
Tokelaus 
Paraguay 
South Africa 
Marion Is. 
Namibia 
Monaco 


149 
55 
275 
285 
231 
352 
355 
61 
28 
19 
40 
235 


3B6 
3B8 
3C 
3C0 
3D2 
3D6 
3V 
3X 
3Y 
4S 
4U 
4U 
4w 
4X 
5A 
5B 
5H 
5N 
5R 
5T 
5U 
5V 
5W 
5X 
5Z 
60 
6W 
6Y 
70 
7P 
7Q 
7X 
8P 
80 
8R 
824 
9A 
9G 
9H 
9J 
9K 
9L 
9M2 
ON 
90 
9U 
9V 
9X 
9Y 


St. Brandon 56 
Mauritius 81 
Equatorial Guinea 104 
Annobon 100 
Fiji Is. 270 
Swaziland 102 
Tunisia 65 
Rep. of Guinea 105 
Bouvet 140 
Sri Lanka 36 
ITU Geneva 57 
United Nations 222 
Yemen 62 
Israel 56 
Libya 67 
Cyprus 54 
Tanzania 81 
Nigeria 95 
Malagasy Rep. 85 
Mauritania 98 
Niger 94 
Togo 96 
Western Samoa 267 
Uganda 80 
Kenya 78 
Somali 58 
Senegal 104 
Jamaica 193 
South Yemen 61 
Lesotho 107 
Malawi 91 
Algeria 69 
Barbados 156 
Maldive Is. 43 
Guyana 158 
Neutral Zone 53 
San Marino 57 
Ghana 98 
Malta 64 
Zambia 95 
Kuwait 50 
Sierra Leone 106 
W. Malaysia 9 
Nepal 15 
Zaire 89 
Burundi 84 
Singapore 7 
Rwanda 83 


Trinidad & Tobago 161 
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Hartford 


A2 Botswana 

A3 Tonga 

A4X Oman 

A5 Bhutan 

A7X Qatar 

A9X Bahrain 

AP Pakistan 

BV _ Taiwan 

BY China 

c2 Nauru 

c3 = Andorra 

c5 Gambia 

C6 Bahamas 

co Mozambique 

CE Chile 

CEQA Easter Is. 

CEOX San Felix 

CE@Z Juan Fernandez 

CM Cuba 

CN Morocco 

cP Bolivia 

CR3 Guinea-Bissau 

CR9 Macao 

CT Portugal 

CT2 Azores 

CT3 Madeira Is. 

CX Uruguay 

D2 = Angola 

D4 Cape Verde 

D6 Comoros 

DL Rep. of Germany 

DM German Dem. Rep. 

DU Philippines 

EA Spain 

EAS Canary Is. 

EAQ Ceuta/Melilla 

El Rep. of Ireland 

EL Liberia 

EP Iran 

ET Ethiopia 

F France 

FB8W Crozet 

FB8X Kerguelen Is. 

FB8Z Amsterdam/ 
St. Paul Is. 

FC Corsica 

FG Guadeloupe 

FG/FS Saint Martin 

FH Mayotte 
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105 
262 


116 
120 


158 


HBO 


HC8 


HK@ 
HKO 


New Caledonia 
Martinique 
Clipperton Is. 
St. Pierre/Miquelon 
Glorioso Is. 
Juan de Nova 
Reunion 
Tromelin 

Wallis & Futuna 
French Guiana 
England 
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Chad 

Ivory Coast 
Mali 


Eur. Russ. SFSR 
Franz Josef Land 


Kaliningradsk 
Asiatic Russia 
Ukraine 
White Russia 
Azerbaijan 
Georgia 
Armenia 
Turkoman 
Uzbek 
Tadzhik 
Kazakh 
Kirghiz 
Moldavia 
Lithuania 
Latvia 
Estonia 

Sable 

St. Paul Is. 
Australia 
Lord Howe Is. 
Christmas Is. 
Cocos Is. 
Norfolk Is. 
Heard Is. 
Macquarie Is. 
Belize 
Antigua 
Dominica 
Anguilla 

St. Kitts 

St. Lucia 
Montserrat 
St. Vincent 
British Virgin Is. 


Turks & Caicos Is. 


Falkland Is. 

S. Georgia Is. 
S. Orkney Is. 
S. Sandwich Is. 
S. Shetland Is. 


254 
254 
338 
358 
253 
150 
222 
195 
123 
125 
122 
125 
127 
125 
129 
125 
130 
164 
154 
162 
151 
167 


YVO 


ZD7 
ZD8 
ZD9 


ZK1 
ZK1 
ZK2 


ZM7 


ZS2 
ZS3 


Bermuda 
Chagos 
Phoenix Is. 


Gilbert & Ocean Is. 


Pitcairn 
Brunei 

Hong Kong 
Kamaran Is. 
India 
Andaman 
Laccadive Is. 
Mexico 
Revilla Gigedo 
Upper Volta 
Khmer Republic 
Vietnam 

Laos 

Burma 
Afghanistan 
Indonesia 
Iraq 

New Hebrides 
Syria 
Nicaragua 
Rumania 
Salvador 
Yugoslavia 
Venezuela 
Aves Is. 
Albania 
Gibraltar 

St. Helena Is. 
Ascension Is. 


Tristan de Cunha 


Rhodesia 
Cayman Is. 
South Cook Is. 
North Cook Is. 
Niue 

New Zealand 
Campbell Is. 
Chatham 
Kermadec Is. 
Tokelaus 
Paraguay 
South Africa 
Marion Is. 
Namibia 
Monaco 


3B6 
3B8 
3C 
3c0 
3D2 
3D6 
3V 
3X 
3Y 
4S 
4U 
4U 
4w 
4X 
5A 
5B 
5H 
5N 
5R 
5T 
5U 
5V 
5W 
5X 
5Z 
60 
6W 
6Y 
70 
7P 
7Q 
7X 
8P 
80 
8R 
824 
9A 
9G 
9H 
9J 
9K 
9L 
9M2 
ON 
90 
9U 
9V 
9X 
9Y 


St. Brandon 47 
Mauritius 80 
Equatorial Guinea 91 
Annobon 91 
Fiji Is. 259 
Swaziland 101 
Tunisia 56 
Rep. of Guinea 92 
Bouvet 139 
Sri Lanka 23 
ITU Geneva 49 
United Nations 49 
Yemen 55 
Israel 48 
Libya 58 
Cyprus 46 
Tanzania 76 
Nigeria 86 
Malagasy Rep. 83 
Mauritania 84 
Niger 85 
Togo 86 
Western Samoa 257 
Uganda 74 
Kenya 73 
Somali 51 
Senegal 90 
Jamaica 153 
South Yemen 54 
Lesotho 106 
Malawi 88 
Algeria 59 
Barbados 126 
Maldive Is. 33 
Guyana 132 
Neutral Zone 45 
San Marino 48 
Ghana 89 
Malta 55 
Zambia 91 
Kuwait 41 
Sierra Leone 93 
W. Malaysia 351 
Nepal 7 
Zaire 81 
Burundi 78 
Singapore 347 
Rwanda 78 


Trinidad & Tobago 131 


Atlanta 95 


Miami 


A2 Botswana 


A3 Tonga 
A4X Oman 
AS Bhutan 
A7X_ Qatar 
A9X Bahrain 
AP Pakistan 
BV Taiwan 
BY China 
C2 Nauru 
C3 Andorra 
c5 Gambia 
C6 Bahamas 
cg Mozambique 
CE Chile 


CEQA Easter Is. 
CE@X San Felix 
CE@Z Juan Fernandez 


CM Cuba 

CN Morocco 

cP Bolivia 

CR3 Guinea-Bissau 
CR9 Macao 

CT Portugal 

CT2 Azores 

CT3 Madeira Is. 
CX Uruguay 

D2 = Angola 


D4 — Cape Verde 
D6 Comoros 
DL Rep. of Germany 


DM German Dem. Rep. 


DU Philippines 

EA Spain 

EA8 Canary Is. 
EAQ Ceuta/Melilla 
El Rep. of Ireland 
EL Liberia 

EP Iran 

ET Ethiopia 

F France 

FB8W Crozet 


FBBX Kerguelen Is. 
FB8z Amsterdam/ 


St. Paul Is, 
FC Corsica 
FG Guadeloupe 
FG/FS Saint Martin 
FH Mayotte 
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335 
347 
280 


101 
106 
170 
210 
169 
181 
235 
63 
163 
90 
344 
59 
60 
67 
158 
97 
89 
86 
40 
40 
331 
55 
71 
61 
41 
93 
38 
68 
46 
131 
143 


130 
51 
115 
112 
87 


————oOoOowsaeo™” 


FK 
FM 
FO 
FP 

FR 
FR 

FR 


HBO 


HC8 


HKO 
HK@ 


KH1 
KP1 

KC6é 
KC6 
KG4 
KH2 
KG6 


New Caledonia 
Martinique 
Clipperton Is. 
St. Pierre/Miquelon 
Glorioso Is. 
Juan de Nova 
Reunion 
Tromelin 

Wallis & Futuna 
French Guiana 
England 

Isle of Man 
Northern Ireland 
Jersey 

Scotland 
Guernsey 

Wales 

Solomon Is. 
Hungary 
Switzerland 
Liechtenstein 
Ecuador 
Galapagos Is. 
Haiti — 
Dominican Rep. 
Colombia 
Malpelo Is. 

San Andres 
Korea 

Panama 
Honduras 
Thailand 
Vatican 

Saudi Arabia 
Italy 

Sardinia 
Djibouti 
Grenada 
Japan 

Minami Torishima 
Ogasawara 
Mongolia 
Svalbard 

Jan Mayen 
Jordan 

Baker |s. 
Navassa Is. 

E. Caroline Is. 
W. Caroline Is. 
Guantanamo Bay 
Guam 

Mariana Is. 


258 


124 
327 
319 
318 
356 

11 

22 

50 
273 
146 
300 
308 
140 
307 
308 


KH6 Hawaiian Is. 285 
KH7 Kure Is. 299 
KH3 Johnston Is. 285 
KL7_ Alaska 328 
KH4 Midway Is. 298 
KP4 Puerto Rico 116 
KH5K Kingman Reef 272 
KH5 Palmyra Is. 272 
KP3  Serrana Bank 278 
KH8 AmericanSamoa 258 
KP2 Virgin Is. 113 
KH9 Wake Is. 298 
KX Marshall Is. 289 
KZ Canal Zone 175 
LA Norway 33 
LU Argentina 159 
LX Luxembourg 44 
LZ Bulgaria 46 
OA Peru 174 
OD Lebanon 49 
OE Austria 43 
OH Finland 30 
OH@ Aland Is. 31 
OK Czechoslovakia 41 
ON Begium 43 
OY Faroe Is. 38 
OZ Denmark 37 
P2 Papua New Guinea 282 
PA Netherlands 41 
PJ Neth. Antilles 142 
PJ St. Maarten 113 
PY Brazil 140 
PY@ Fernando 

de Noronha 115 
PY® St.Peter/St.Paul 108 
PY@ Trindade 130 
PZ Surinam 125 
$2 Bangladesh 11 
$7 Seychelles 71 
S9 Sao Tome 90 
SM Sweden 32 
SP Poland 38 
ST = Sudan 66 
SU Egypt of 
SV Greece 50 
SV Crete 52 
SV _ Dodecanese 50 
SV Mount Athos 48 
TA Turkey 45 
TF Iceland 27 
TG Guatemala 223 
TI Costa Rica 196 


UA1 
UA2 
UAY 
UB5 
UC2 
UD6 
UF6 
UG6 
UH8 
UI8 
UJ8 
UL7 
UM8 
UO5 
UP2 
UQ2 
UR2 
VE1 
VE1 
VK 
VK 
VK9 
VK9 
VK9 
VKO 
VKO 
VP1 
VP2A 
VP2D 
VP2E 
VP2K 
VP2L 
VP2M 
VP2s 
VP2v 
VP5 
VvP8 
VP8 
VP8 
VP8 
VP8 


Cocos Is. 
Cameroon 


Cent. African Emp. 


Congo 

Gabon 

Chad 

Ivory Coast 
Mali 

Eur. Russ. SFSR 
Franz Josef Land 
Kaliningradsk 
Asiatic Russia 
Ukraine 

White Russia 
Azerbaijan 
Georgia 
Armenia 
Turkoman 
Uzbek 
Tadzhik 
Kazakh 
Kirghiz 
Moldavia 
Lithuania 
Latvia 

Estonia 

Sable 

St. Paul Is. 
Australia 

Lord Howe Is. 
Christmas Is. 
Cocos Is. 
Norfolk Is. 
Heard Is. 
Macquarie Is. 
Belize 

Antigua 
Dominica 
Anguilla 

St. Kitts 

St. Lucia 
Montserrat 

St. Vincent 
British Virgin Is. 
Turks & Caicos Is. 
Falkland Is. 

S. Georgia Is. 
S. Orkney Is. 
S. Sandwich Is. 
S. Shetland Is. 


247 
249 
342 


250 
153 
218 
226 
112 
116 
110 
114 
119 
114 
122 
112 
108 
166 
156 
164 
153 
169 


YVO 


ZD7 
ZD8 
ZD9 


ZK1 
ZK1 
ZK2 


ZM7 


ZS2 
ZS3 


Bermuda 
Chagos 
Phoenix Is. 


Gilbert & Ocean Is. 


Pitcairn 
Brunei 

Hong Kong 
Kamaran Is. 
India 
Andaman 
Laccadive Is. 
Mexico 
Revilla Gigedo 
Upper Volta 
Khmer Republic 
Vietnam 

Laos 

Burma 
Afghanistan 
Indonesia 

Iraq 

New Hebrides 
Syria 
Nicaragua 
Rumania 
Salvador 
Yugoslavia 
Venezuela 
Aves ls. 
Albania 
Gibraltar 

St. Helena Is. 
Ascension Is. 
Tristan de Cunha 
Rhodesia 
Cayman Is. 
South Cook Is. 
North Cook Is. 
Niue 

New Zealand 
Campbell Is. 
Chatham 
Kermadec Is. 
Tokelaus 
Paraguay 
South Africa 
Marion ls. 
Namibia 
Monaco 


3B6 
3B8 
3C 
3c0 
3D2 
3D6 
3V 
3X 
3Y 
4S 
4U 
4U 
4w 
4X 
5A 
5B 
5H 
5N 
5R 
5T 
5U 
5V 
5W 
5X 
5Z 
60 
6W 
6Y 
70 
7P 
72 
7X 
8P 
80 
8R 
824 
9A 
9G 
9H 
9J 
9K 
OL 
9M2 
ON 
90 
9U 
9V 
9X 
OY 


St. Brandon 35 
Mauritius 93 
Equatorial Guinea 90 
Annobon 93 
Fiji Is. 258 
Swaziland 107 
Tunisia 56 
Rep. of Guinea 91 
Bouvet 142 
Sri Lanka 33 
ITU Geneva 48 
United Nations 20 
Yemen 61 
Israel 50 
Libya 59 
Cyprus 49 
Tanzania 83 
Nigeria 87 
Malagasy Rep. 93 
Mauritania 82 
Niger 87 
Togo 87 
Western Samoa 258 
Uganda 79 
Kenya 79 
Somali 58 
Senegal 87 
Jamaica 153 
South Yemen 60 
Lesotho 111 
Malawi 94 
Algeria 58 
Barbados 118 
Maldive Is. 43 
Guyana 127 
Neutral Zone 50 
San Marino 48 
Ghana 89 
Malta 55 
Zambia 97 
Kuwait 45 
Sierra Leone 92 
W. Malaysia 358 
Nepal 10 
Zaire 84 
Burundi 84 
Singapore 352 
Rwanda 83 


Trinidad & Tobago 126 


Miami 97 


SES 


Chicago 


A2 Botswana 


A3 Tonga 

A4X Oman 

AS Bhutan 
A7X_ Qatar 

A9X_ Bahrain 

AP Pakistan 

BV Taiwan 

BY China 

c2 Nauru 

C3 Andorra 

c5 Gambia 

C6 Bahamas 
cg Mozambique 
CE Chile 

CEQA Easter Is. 
CE@X San Felix 
CE@Z Juan Fernandez 
CM Cuba 

CN Morocco 

cP Bolivia 

CR3 Guinea-Bissau 
CR9 Macao 

CT Portugal 
CT2 Azores 

CT3 Madeira Is. 
CX Uruguay 

D2 = Angola 


D4 —— Cape Verde 
D6 Comoros 


DL Rep. of Germany 
DM German Dem. Rep. 


DU Philippines 
EA Spain 
EA8 Canary Is. 


EAQ  Ceuta/Melilla 
El Rep. of Ireland 


EL Liberia 
EP tran 

ET Ethiopia 
F France 


FB8W Crozet 
FB8X Kerguelen Is, 
FB8Z Amsterdam/ 


St. Paul Is. 
FC Corsica 
FG Guadeloupe 
FG/FS Saint Martin 
FH Mayotte 
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329 


113 
124 


131 
131 


FK 
FM 
FO 
FP 
FR 
FR 
FR 


HBO 


HC8 


HK@ 
HKO 


KH1 
KP1 

KC6 
KC6 
KG4 
KH2 
KG6 


New Caledonia 
Martinique 
Clipperton Is. 
St. Pierre/Miquelon 
Glorioso Is. 
Juan de Nova 
Reunion 
Tromelin 

Wallis & Futuna 
French Guiana 
England 

Isle of Man 
Northern Ireland 
Jersey 

Scotland 
Guernsey 

Wales 

Solomon Is. 
Hungary 
Switzerland 
Liechtenstein 
Ecuador 
Galapagos Is. 
Haiti 
Dominican Rep. 
Colombia 
Malpelo Is. 

San Andres 
Korea 

Panama 
Honduras 
Thailand 
Vatican 

Saudi Arabia 
Italy 

Sardinia 
Djibouti 
Grenada 

Japan 

Minami Torishima 
Ogasawara 
Mongolia 
Svalbard 

Jan Mayen 
Jordan 

Baker ls. 
Navassa Is. 

E. Caroline ls. 
W. Caroline Is. 
Guantanamo Bay 
Guam 

Mariana Is. 


281 


168 
185 
146 
141 
159 
170 
154 
334 
165 
179 
351 

51 

41 

51 

55 

69 
134 
324 
317 
315 
351 

12 

27 

45 
270 
152 
301 
309 
150 
307 
308 


<<< — 


KH6 Hawaiian Is. 274 
KH7 Kure Is. 293 
KH3 Johnston Is. 278 
KL7 Alaska 320 
KH4 Midway ls. 292 
KP4 Puerto Rico 135 
KH5K Kingman Reef 265 
KH5 Palmyra ls. 264 
KP3  Serrana Bank 281 
KH8 AmericanSamoa 256 
KP2 Virgin Is. 133 
KH9 Wake Is. 295 
KX Marshall Is. 288 
KZ Canal Zone 165 
LA Norway 36 
LU Argentina 156 
LX Luxembourg 47 
LZ Bulgaria 45 
OA Peru 168 
OD Lebanon 44 
OE Austria 44 
OH Finland 31 
OH@ Aland Is. 32 
OK Czechoslovakia 43 
ON Begium 47 
OY Faroe Is. 40 
OZ Denmark 39 
P2 Papua New Guinea 289 
PA Netherlands 45 
PJ Neth. Antilles 147 
PJ St. Maarten 132 
PY Brazil 139 
PY@ Fernando 

de Noronha 118 
PY@ St.Peter/St.Paul 112 
PY@ Trindade 128 
PZ Surinam 132 
$2 Bangladesh 2 
S7 Seychelles 52 
$9 Sao Tome 85 
SM Sweden 34 
SP Poland 39 
ST Sudan 58 
SU Egypt 49 
SV __ Greece 49 
SV Crete 50 
SV _ Dodecanese 47 
SV Mount Athos 47 
TA Turkey 42 
TF Iceland 35 
TG Guatemala 188 
Tl Costa Rica 173 


UA1 
UA2 
UAY 
UB5 
UC2 
UD6 
UF6 
UG6 
UH8 
UI8 
UJ8 
UL7 
UM8 
UO5 
UP2 
UQ2 
UR2 
VE1 
VE1 
VK 
VK 
VK9 
VK9 
VK9 
VKO 
VKO 
VP1 
VP2A 
VP2D 
VP2E 
VP2K 
VP2L 
VP2M 
VP2S 
VP2v 
VP5 
VP8 
VP8 
VP8 
VvP8 
VP8 


Cocos Is. 
Cameroon 
Cent. African Emp. 
Congo 

Gabon 

Chad 

Ivory Coast 
Mali 

Eur. Russ. SFSR 
Franz Josef Land 
Kaliningradsk 
Asiatic Russia 
Ukraine 

White Russia 
Azerbaijan 
Georgia 
Armenia 
Turkoman 
Uzbek 

Tadzhik 

Kazakh 

Kirghiz 
Moldavia 
Lithuania 
Latvia 

Estonia 

Sable 

St. Paul Is. 
Australia 

Lord Howe Is. 
Christmas Is. 
Cocos Is. 
Norfolk Is. 
Heard Is. 
Macquarie Is. 
Belize 

Antigua 
Dominica 
Anguilla 

St. Kitts 

St. Lucia 
Montserrat 

St. Vincent 
British Virgin Is. 
Turks & Caicos Is. 
Falkland Is. 

S. Georgia Is. 

S. Orkney Is. 

S. Sandwich Is. 
S. Shetland Is. 


260 
259 
337 
352 
255 
143 
228 
183 
130 
132 
130 
131 
133 
131 
133 
132 
139 
162 
152 
160 
148 
165 


Yvo 


ZD7 
ZD8 
ZD9 


ZK1 
ZK1 
ZK2 


ZM7 


ZS2 
ZS3 


Bermuda 
Chagos 
Phoenix Is. 
Gilbert & Ocean Is. 
Pitcairn 
Brunei 

Hong Kong 
Kamaran Is. 
India 
Andaman 
Laccadive Is. 
Mexico 

Revilla Gigedo 
Upper Volta 
Khmer Republic 
Vietnam 

Laos 

Burma 
Afghanistan 
Indonesia 

Iraq 

New Hebrides 
Syria 
Nicaragua 
Rumania 
Salvador 
Yugoslavia 
Venezuela 
Aves ls. 
Albania 
Gibraltar 

St. Helena ls. 
Ascension Is. 
Tristan de Cunha 
Rhodesia 
Cayman Is. 
South Cook Is. 
North Cook Is. 
Niue 

New Zealand 
Campbell Is. 
Chatham 
Kermadec Is. 
Tokelaus 
Paraguay 
South Africa 
Marion Is. 
Namibia 
Monaco 


3B6 
3B8 
3C 
3c0 
3D2 
3D6 
3V 
3X 
3Y 
4S 
4U 
4U 
4w 
4x 
5A 
5B 
5H 
5N 
5R 
5T 
5U 
5V 
5W 
5X 
5Z 
60 
6W 
6Y 
70 
7P 
72 
7X 
8P 
80 
8R 
824 
9A 
9G 
9H 
9J 
9K 
9L 
9M2 
ON 
90 
9U 
9V 
9X 
OY 


St. Brandon 62 
Mauritius 67 
Equatorial Guinea 93 
Annobon 89 
Fiji Is. 259 
Swaziland 93 
Tunisia 57 
Rep. of Guinea 93 
Bouvet 135 
Sri Lanka 16 
ITU Geneva 51 
United Nations 91 
Yemen 50 
Israel 46 
Libya 58 
Cyprus 45 
Tanzania 69 
Nigeria 84 
Malagasy Rep. 73 
Mauritania 87 
Niger 84 
Togo 85 
Western Samoa 256 
Uganda 69 
Kenya 66 
Somali 45 
Senegal 92 
Jamaica 154 
South Yemen 49 
Lesotho 98 
Malawi 80 
Algeria 61 
Barbados 132 
Maldive Is. 25 
Guyana 135 
Neutral Zone 42 
San Marino 49 
Ghana 88 
Malta 55 
Zambia 85 
Kuwait 38 
Sierra Leone 94 
W. Malaysia 348 
Nepal 5 
Zaire 78 
Burundi 73 
Singapore 344 
Rwanda 72 


Trinidad & Tobago 136 


Chicago 99 


—E 


A2 __ Botswana 


A3 ‘Tonga 
A4X Oman 
AS Bhutan 
A7X Qatar 
A9X_ Bahrain 
AP Pakistan 
BV Taiwan 
BY China 
c2 Nauru 
C3 Andorra 
C5 Gambia 
C6 Bahamas 
cg Mozambique 
CE Chile 


CEQA Easter Is. 
CEQX San Felix 
CE@Z Juan Fernandez 


CM Cuba 

CN Morocco 

cP Bolivia 

CR3 Guinea-Bissau 
CR9 Macao 

CT ‘Portugal 

CT2 Azores 

CT3 Madeira Is. 
CX Uruguay 

D2 = Angola 


D4 Cape Verde 
D6 Comoros 
DL Rep. of Germany 


DM German Dem. Rep. 


DU Philippines 

EA Spain 

EA8 Canary Is. 
EA9 Ceuta/Melilla 
El Rep. of Ireland 
EL Liberia 

EP Iran 

ET Ethiopia 

E France 


FB8W Crozet 
FB8X Kerguelen Is. 
FB8Z Amsterdam/ 


St. Paul Is. 
FC Corsica 
FG Guadeloupe 
FG/FS Saint Martin 
FH = Mayotte 
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318 


129 
153 


144 
47 
109 
108 
70 


New Caledonia 
Martinique 
Clipperton Is. 


St. Pierre/Miquelon 


Glorioso Is. 
Juan de Nova 
Reunion 
Tromelin 

Wallis & Futuna 
French Guiana 
England 

Isle of Man 
Northern Ireland 
Jersey 

Scotland 
Guernsey 

Wales 

Solomon Is, 
Hungary 
Switzerland 
Liechtenstein 
Ecuador 
Galapagos Is. 
Haiti 
Dominican Rep. 
Colombia 
Malpelo Is. 

San Andres 
Korea 

Panama 
Honduras 
Thailand 
Vatican 

Saudi Arabia 
Italy 

Sardinia 
Djibouti 
Grenada 

Japan 

Minami Torishima 
Ogasawara 
Mongolia 
Svalbard 

Jan Mayen 
Jordan 

Baker Is. 
Navassa Is. 

E. Caroline Is. 
W. Caroline Is. 
Guantanamo Bay 
Guam 

Mariana Is. 


255 
111 
211 

53 


KH6 
KH7 
KH3 
KL7 
KH4 
KP4 
KH5K 
KH5 
KP3 
KH8 
KP2 
KH9 


OHO 


Hawaiian Is. 
Kure Is. 
Johnston Is. 
Alaska 
Midway Is. 
Puerto Rico 
Kingman Reef 
Palmyra ls. 
Serrana Bank 
American Samoa 
Virgin Is. 
Wake Is. 
Marshall Is. 
Canal Zone 
Norway 
Argentina 
Luxembourg 
Bulgaria 
Peru 
Lebanon 
Austria 
Finland 
Aland Is. 
Czechoslovakia 
Begium 
Faroe Is. 
Denmark 
Papua New Guinea 
Netherlands 
Neth. Antilles 
St. Maarten 
Brazil 
Fernando 

de Noronha 
St. Peter/St. Paul 
Trindade 
Surinam 
Bangladesh 
Seychelles 
Sao Tome 
Sweden 
Poland 
Sudan 
Egypt 
Greece 
Crete 
Dodecanese 
Mount Athos 
Turkey 
Iceland 
Guatemala 
Costa Rica 
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Cocos Is. 
Cameroon 
Cent. African Emp. 
Congo 

Gabon 

Chad 

Ivory Coast 
Mali 

Eur. Russ. SFSR 
Franz Josef Land 
Kaliningradsk 
Asiatic Russia 
Ukraine 

White Russia 
Azerbaijan 
Georgia 
Armenia 
Turkoman 
Uzbek 

Tadzhik 
Kazakh 

Kirghiz 
Moldavia 
Lithuania 
Latvia 

Estonia 

Sable 

St. Paul Is. 
Australia 

Lord Howe Is. 
Christmas Is. 
Cocos Is. 
Norfolk Is, 
Heard Is. 
Macquarie Is. 
Belize 

Antigua 
Dominica 
Anguilla 

St. Kitts 

St. Lucia 
Montserrat 

St. Vincent 
British Virgin Is. 
Turks & Caicos Is. 
Falkland Is. 

S. Georgia Is. 

S. Orkney Is. 

S. Sandwich Is. 
S. Shetland Is. 


249 
249 
312 
326 
247 
165 
221 
151 
107 
110 
106 
108 
111 
109 
113 
107 
107 
157 
149 
158 
146 
162 


Yvo 


ZD7 
ZD8 
ZD9 


ZK1 
ZK1 
ZK2 


ZM7 


ZS2 
ZS3 


Bermuda 
Chagos 
Phoenix Is. 
Gilbert & Ocean Is. 
Pitcairn 

Brunei 

Hong Kong 
Kamaran Is. 
India 
Andaman 
Laccadive Is. 
Mexico 

Revilla Gigedo 
Upper Volta 
Khmer Republic 
Vietnam 

Laos 

Burma 
Afghanistan 
Indonesia 

Iraq 

New Hebrides 
Syria 
Nicaragua 
Rumania 
Salvador 
Yugoslavia 
Venezuela 
Aves ls. 
Albania 
Gibraltar 

St. Helena Is. 
Ascension Is. 
Tristan de Cunha 
Rhodesia 
Cayman Is. 
South Cook Is. 
North Cook Is. 
Niue 

New Zealand 
Campbell Is. 
Chatham 
Kermadec Is. 
Tokelaus 
Paraguay 
South Africa 
Marion Is. 
Namibia 
Monaco 


82 
29 
259 
267 
214 
316 
328 
45 


3B6 
3B8 
3C 
3Cc0 
3D2 
3D6 
3V 
3X 
3Y 
4S 
4U 
4U 
4w 
4x 
5A 
5B 
5H 
5N 
5R 
5T 
5U 
5V 
5W 
5X 
5Z 
60 
6W 
6Y 
70 
7P 
7Q 
7X 
8P 
80 
8R 
8Z4 
9A 
9G 
9H 
9J 
9K 
9L 
9M2 
ON 
90 
9U 
9V 
9X 
9Y 


St. Brandon 
Mauritius 
Equatorial Guinea 
Annobon 

Fiji Is. 
Swaziland 
Tunisia 

Rep. of Guinea 
Bouvet 

Sri Lanka 

ITU Geneva 
United Nations 
Yemen 

Israel 

Libya 

Cyprus 
Tanzania 
Nigeria 
Malagasy Rep. 
Mauritania 
Niger 

Togo 

Western Samoa 
Uganda 
Kenya 

Somali 
Senegal 
Jamaica 
South Yemen 
Lesotho 
Malawi 
Algeria 
Barbados 
Maldive Is. 
Guyana 
Neutral Zone 
San Marino 
Ghana 

Malta 

Zambia 
Kuwait 

Sierra Leone 
W. Malaysia 
Nepal 

Zaire 
Burundi 
Singapore 
Rwanda 


50 
71 
85 
85 
252 
96 
51 
86 
137 


70 
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Dallas 


101 


= 


St. Louis 


A2 Botswana 


A3 ‘Tonga 
A4X Oman 
A5 ~~‘ Bhutan 
A7X Qatar 
A9X_ Bahrain 
AP Pakistan 
BV Taiwan 
BY China 
C2 Nauru 
C3 Andorra 
C5 Gambia 
C6 ~~ Bahamas 
cg Mozambique 
CE Chile 


CEQA Easter Is. 
CE@X San Felix 
CEQ@Z Juan Fernandez 


CM Cuba 

CN Morocco 

CP Bolivia 

CR3 Guinea-Bissau 
CR9 Macao 

CT ‘Portugal 

CT2 Azores 

CT3 Madeira Is. 
CX Uruguay 

D2 = Angola 


D4 Cape Verde 
D6 Comoros 
DL Rep. of Germany 


DM German Dem. Rep. 


DU Philippines 
EA Spain 
EA8 Canary Is. 


EAQ Ceuta/Melilla 
El Rep. of Ireland 


EL Liberia 
EP lran 

ET Ethiopia 
F France 


FB8W Crozet 
FB8X Kerguelen Is. 
FB8Z Amsterdam/ 


St. Paul Is. 
FC Corsica 
FG Guadeloupe 
FG/FS Saint Martin 
FH Mayotte 
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326 


118 


123 
123 


FK 
FM 
FO 
FP 


New Caledonia 
Martinique 
Clipperton Is. 
St. Pierre/Miquelon 
Glorioso Is. 
Juan de Nova 
Reunion 
Tromelin 

Wallis & Futuna 
French Guiana 
England 

Isle of Man 
Northern Ireland 
Jersey 

Scotland 
Guernsey 

Wales 

Solomon Is. 
Hungary 
Switzerland 
Liechtenstein 
Ecuador 
Galapagos Is. 
Haiti 
Dominican Rep. 
Colombia 
Malpelo Is. 

San Andres 
Korea 

Panama 
Honduras 
Thailand 
Vatican 

Saudi Arabia 
Italy 

Sardinia 
Djibouti 
Grenada 

Japan 

Minami Torishima 
Ogasawara 
Mongolia 
Svalbard 

Jan Mayen 
Jordan 

Baker Is. 
Navassa Is. 

E. Caroline Is. 
W. Caroline Is. 
Guantanamo Bay 
Guam 

Mariana Is. 


260 
125 
216 


257 
124 


OHO 


Hawaiian Is. 
Kure Is. 
Johnston Is. 
Alaska 
Midway Is. 
Puerto Rico 
Kingman Reef 
Palmyra Is. 
Serrana Bank 
American Samoa 
Virgin Is. 
Wake Is. 
Marshall Is. 
Canal Zone 
Norway 
Argentina 
Luxembourg 
Bulgaria 
Peru 
Lebanon 
Austria 
Finland 
Aland Is. 
Czechoslovakia 
Begium 
Faroe Is. 
Denmark 
Papua New Guinea 
Netherlands 
Neth. Antilles 
St. Maarten 
Brazil 
Fernando 

de Noronha 
St. Peter/St. Paul 
Trindade 
Surinam 
Bangladesh 
Seychelles 
Sao Tome 
Sweden 
Poland 
Sudan 
Egypt 
Greece 
Crete 
Dodecanese 
Mount Athos 
Turkey 
Iceland 
Guatemala 
Costa Rica 


Cocos Is. 
Cameroon 
Cent. African Emp. 
Congo 

Gabon 

Chad 

Ivory Coast 
Mali 

Eur. Russ. SFSR 
Franz Josef Land 
Kaliningradsk 
Asiatic Russia 
Ukraine 

White Russia 
Azerbaijan 
Georgia 
Armenia 
Turkoman 
Uzbek 

Tadzhik 

Kazakh 

Kirghiz 
Moldavia 
Lithuania 
Latvia 

Estonia 

Sable 

St. Paul Is. 
Australia 

Lord Howe Is. 
Christmas Is. 
Cocos Is. 
Norfolk Is. 
Heard Is. 
Macquarie Is. 
Belize 

Antigua 
Dominica 
Anguilla 

St. Kitts 

St. Lucia 
Montserrat 

St. Vincent 
British Virgin Is. 
Turks & Caicos Is. 
Falkland Is. 

S. Georgia Is. 

S. Orkney Is. 

S. Sandwich Is. 
S. Shetland Is. 


256 
255 
330 
345 
252 
151 
225 
175 
122 
124 
122 
124 
126 
124 
127 
124 
129 
160 
151 
160 
148 
164 


YvVoO 


ZD7 
ZD8 
ZD9 


ZK1 
ZK1 
ZK2 


ZM7 


ZS2 
ZS3 


Bermuda 
Chagos 
Phoenix Is, 


Gilbert & Ocean Is. 


Pitcairn 
Brunei 

Hong Kong 
Kamaran Is. 
India 
Andaman 
Laccadive Is. 
Mexico 
Revilla Gigedo 
Upper Volta 
Khmer Republic 
Vietnam 

Laos 

Burma 
Afghanistan 
Indonesia 
Iraq 

New Hebrides 
Syria 
Nicaragua 
Rumania 
Salvador 
Yugoslavia 
Venezuela 
Aves ls. 
Albania 
Gibraltar 

St. Helena Is. 
Ascension Is. 
Tristan de Cunha 
Rhodesia 
Cayman Is. 
South Cook Is. 
North Cook Is. 
Niue 

New Zealand 
Campbell Is. 
Chatham 
Kermadec Is. 
Tokelaus 
Paraguay 
South Africa 
Marion Is. 
Namibia 
Monaco 


3B6 
3B8 
3C 
3C0 
3D2 
3D6 
3V 
3X 
3Y 
4S 
4U 
4U 
4w 
4x 
5A 
5B 
5H 
5N 
5R 
5T 
5U 
5V 
5W 
5X 
5Z 
60 
6W 
6Y 
70 
7P 
7a 
7X 
8P 
80 
8R 
8Z4 
9A 
9G 
9H 
9J 
9K 
9L 
9M2 
ON 
90 
9U 
9V 
9X 
9Y 


St. Brandon 
Mauritius 
Equatorial Guinea 
Annobon 

Fiji Is. 
Swaziland 
Tunisia 

Rep. of Guinea 
Bouvet 

Sri Lanka 

ITU Geneva 
United Nations 
Yemen 

Israel 

Libya 

Cyprus 
Tanzania 
Nigeria 
Malagasy Rep. 
Mauritania 
Niger 

Togo 

Western Samoa 
Uganda 
Kenya 

Somali 
Senegal 
Jamaica 
South Yemen 
Lesotho 
Malawi 
Algeria 
Barbados 
Maldive Is. 
Guyana 
Neutral Zone 
San Marino 
Ghana 

Malta 

Zambia 
Kuwait 

Sierra Leone 
W. Malaysia 
Nepal 

Zaire 

Burundi 
Singapore 
Rwanda 


56 
69 
90 
88 
257 
94 
55 
90 
136 
14 
48 
76 
49 
44 
56 
43 
69 
83 
74 
84 
82 
83 
254 
68 
66 
44 
88 
145 
48 
100 
80 
58 
124 
23 
129 
40 
47 
85 
53 
85 
36 
91 
344 
3 
77 
72 
340 
72 
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St. Louis 


103 


Denver 


A2 Botswana 


A3 ‘Tonga 
A4X Oman 
A5 Bhutan 
A7X Qatar 
A9X Bahrain 
AP Pakistan 
BV Taiwan 
BY China 
C2 Nauru 
C3 Andorra 
c5 Gambia 
C6 Bahamas 
cg Mozambique 
CE Chile 


CEQA Easter Is. 
CE@X San Felix 
CEQ@Z Juan Fernandez 


CM Cuba 

CN Morocco 

CP Bolivia 

CR3 Guinea-Bissau 
CR9 Macao 

CT Portugal 

CT2 Azores 

CT3 Madeira Is. 
CX Uruguay 

D2 = Angola 


D4 — Cape Verde 
D6 Comoros 
DL Rep. of Germany 


DM German Dem. Rep. 


DU Philippines 
EA Spain 
EA8 Canary Is. 


EA9  Ceuta/Melilla 
EI Rep. of Ireland 


EL Liberia 
EP Iran 

ET Ethiopia 
F France 
FB8W Crozet 


FB8X Kerguelen Is. 
FB8Z Amsterdam/ 


St. Paul Is. 
FC Corsica 
FG Guadeloupe 
FG/FS Saint Martin 
FH Mayotte 
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312 


HKO 
HK@ 


New Caledonia 
Martinique 
Clipperton Is, 
St. Pierre/Miquelon 
Glorioso Is. 
Juan de Nova 
Reunion 
Tromelin 

Wallis & Futuna 
French Guiana 
England 

Isle of Man 
Northern Ireland 
Jersey 

Scotland 
Guernsey 

Wales 

Solomon Is. 
Hungary 
Switzerland 
Liechtenstein 
Ecuador 
Galapagos Is. 
Haiti 
Dominican Rep. 
Colombia 
Malpelo Is. 

San Andres 
Korea 

Panama 
Honduras 
Thailand 
Vatican 

Saudi Arabia 
Italy 

Sardinia 
Djibouti 
Grenada 

Japan 

Minami Torishima 
Ogasawara 
Mongolia 
Svalbard 

Jan Mayen 
Jordan 

Baker Is. 
Navassa Is. 

E. Caroline Is. 
W. Caroline Is. 
Guantanamo Bay 
Guam 

Mariana Is. 


Hawaiian Is. 
Kure Is. 
Johnston Is. 
Alaska 
Midway Is. 
Puerto Rico 
Kingman Reef 
Palmyra ls. 
Serrana Bank 
American Samoa 
Virgin Is. 
Wake Is. 
Marshall Is. 
Canal Zone 
Norway 
Argentina 
Luxembourg 
Bulgaria 
Peru 
Lebanon 
Austria 
Finland 
Aland Is. 
Czechoslovakia 
Begium 
Faroe ls. 
Denmark 
Papua New Guinea 
Netherlands 
Neth. Antilles 
St. Maarten 
Brazil 
Fernando 

de Noronha 
St. Peter/St. Paul 
Trindade 
Surinam 
Bangladesh 
Seychelles 
Sao Tome 
Sweden 
Poland 
Sudan 
Egypt 
Greece 
Crete 
Dodecanese 
Mount Athos 
Turkey 
Iceland 
Guatemala 
Costa Rica 


Cocos Is. 
Cameroon 


Cent. African Emp. 


Congo 

Gabon 

Chad 

Ivory Coast 
Mali 

Eur. Russ. SFSR 
Franz Josef Land 
Kaliningradsk 
Asiatic Russia 
Ukraine 

White Russia 
Azerbaijan 
Georgia 
Armenia 
Turkoman 
Uzbek 
Tadzhik 
Kazakh 
Kirghiz 
Moldavia 
Lithuania 
Latvia 

Estonia 

Sable 

St. Paul Is. 
Australia 

Lord Howe Is. 
Christmas Is. 
Cocos Is. 
Norfolk Is. 
Heard Is. 
Macquarie Is. 
Belize 

Antigua 
Dominica 
Anguilla 

St. Kitts 

St. Lucia 
Montserrat 

St. Vincent 
British Virgin Is. 
Turks & Caicos Is. 
Falkland Is. 

S. Georgia Is. 
S. Orkney Is. 
S. Sandwich Is. 
S. Shetland Is, 


Bermuda 
Chagos 
Phoenix Is. 
Gilbert & Ocean Is. 
Pitcairn 

Brunei 

Hong Kong 
Kamaran Is. 
India 
Andaman 
Laccadive Is. 
Mexico 

Revilla Gigedo 
Upper Volta 
Khmer Republic 
Vietnam 

Laos 

Burma 
Afghanistan 
Indonesia 

Iraq 

New Hebrides 
Syria 
Nicaragua 
Rumania 
Salvador 
Yugoslavia 
Venezuela 
Aves Is. 
Albania 
Gibraltar 

St. Helena Is. 
Ascension Is. 
Tristan de Cunha 
Rhodesia 
Cayman Is. 
South Cook Is. 
North Cook Is. 
Niue 

New Zealand 
Campbell Is. 
Chatham 
Kermadec Is. 
Tokelaus 
Paraguay 
South Africa 
Marion Is. 
Namibia 
Monaco 


3B6 
3B8 
3C 
3C0 
3D2 
3D6 
3V 
3X 
3Y 
4S 
4U 
4U 
4w 
4x 
5A 
5B 
5H 
5N 
5R 
5T 
5U 
5V 
5W 
5X 
5Z 
60 
6W 
6Y 
70 
7P 
72 
7X 
8P 
80 
8R 
824 
9A 
9G 
9H 
9J 
9K 
9L 
9M2 
ON 
90 
9U 
9V 
9X 
9Y 


St. Brandon 
Mauritius 
Equatorial Guinea 
Annobon 

Fiji Is. 
Swaziland 
Tunisia 

Rep. of Guinea 
Bouvet 

Sri Lanka 

ITU Geneva 
United Nations 
Yemen 

Israel 

Libya 

Cyprus 
Tanzania 
Nigeria 
Malagasy Rep. 
Mauritania 
Niger 

Togo 

Western Samoa 
Uganda 
Kenya 

Somali 
Senegal 
Jamaica 

South Yemen 
Lesotho 
Malawi 
Algeria 
Barbados 
Maldive Is. 
Guyana 
Neutral Zone 
San Marino 
Ghana 

Malta 

Zambia 
Kuwait 

Sierra Leone 
W. Malaysia 
Nepal 

Zaire 

Burundi 
Singapore 
Rwanda 


248 


132 
354 


245 


123 


82 
324 
353 

66 

60 
321 

59 
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Denver 


105 


Phoenix 


A2 Botswana 


A3 ‘Tonga 
A4X Oman 
A5 ~— Bhutan 
A7X Qatar 
A9X Bahrain 
AP Pakistan 
BV Taiwan 
BY China 
C2 Nauru 
C3 Andorra 
C5 Gambia 
C6 Bahamas 
cg Mozambique 
CE Chile 


CEQA Easter Is. 
CE@X San Felix 


CE@Z Juan Fernandez 


CM Cuba 

CN Morocco 

cP Bolivia 

CR3 Guinea-Bissau 
CR9 Macao 

CT Portugal 

CT2 Azores 

CT3 Madeira Is. 
CX Uruguay 

D2 = Angola 


D4 = Cape Verde 
D6 Comoros 


DL Rep. of Germany 
DM German Dem. Rep. 


DU Philippines 

EA Spain 

EA8 Canary Is. 
EA9  Ceuta/Melilla 
EI Rep. of Ireland 
EL Liberia 

EP Iran 

ET Ethiopia 

F France 


FB8W Crozet 
FB8X Kerguelen Is. 
FB8Z Amsterdam/ 


St. Paul Is. 
FC Corsica 
FG Guadeloupe 
FG/FS Saint Martin 
FH = Mayotte 
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88 
237 
16 
339 
16 
17 
355 
310 
325 
265 
43 
75 
96 
85 
145 
177 
142 
153 
101 
53 
133 
76 
315 
51 
58 
59 
137 
77 
77 
50 
30 
30 
305 
46 
62 
51 
37 
78 
13 
38 
37 
143 
184 


233 
39 
98 
96 
50 


New Caledonia 
Martinique 
Clipperton Is. 
St. Pierre/Miquelon 
Glorioso Is. 
Juan de Nova 
Reunion 
Tromelin 

Wallis & Futuna 
French Guiana 
England 

Isle of Man 
Northern Ireland 
Jersey 

Scotland 
Guernsey 

Wales 

Solomon Is. 
Hungary 
Switzerland 
Liechtenstein 
Ecuador 
Galapagos Is. 
Haiti 
Dominican Rep. 
Colombia 
Malpelo Is, 

San Andres 
Korea 

Panama 
Honduras 
Thailand 
Vatican 

Saudi Arabia 
Italy 

Sardinia 
Djibouti 
Grenada 

Japan 

Minami Torishima 
Ogasawara 
Mongolia 
Svalbard 

Jan Mayen 
Jordan 

Baker Is. 
Navassa Is. 

E. Caroline Is. 
W. Caroline Is. 
Guantanamo Bay 
Guam 

Mariana Is. 


OHO 


Hawaiian Is. 
Kure Is. 
Johnston Is. 
Alaska 
Midway Is. 
Puerto Rico 
Kingman Reef 
Palmyra Is. 
Serrana Bank 
American Samoa 
Virgin Is. 
Wake Is. 
Marshall Is. 
Canal Zone 
Norway 
Argentina 
Luxembourg 
Bulgaria 
Peru 
Lebanon 
Austria 
Finland 
Aland Is. 
Czechoslovakia 
Begium 
Faroe Is. 
Denmark 
Papua New Guinea 
Netherlands 
Neth. Antilles 
St. Maarten 
Brazil 
Fernando 

de Noronha 
St. Peter/St. Paul 
Trindade 
Surinam 
Bangladesh 
Seychelles 
Sao Tome 
Sweden 
Poland 
Sudan 
Egypt 
Greece 
Crete 
Dodecanese 
Mount Athos 
Turkey 
Iceland 
Guatemala 
Costa Rica 


Cocos Is. 
Cameroon 


Cent. African Emp. 


Congo 
Gabon 

Chad 

Ivory Coast 
Mali 

Eur. Russ. SFSR 
Franz Josef Land 
Kaliningradsk 
Asiatic Russia 
Ukraine 
White Russia 
Azerbaijan 
Georgia 
Armenia 
Turkoman 
Uzbek 
Tadzhik 
Kazakh 
Kirghiz 
Moldavia 
Lithuania 
Latvia 
Estonia 

Sable 

St. Paul Is. 
Australia 
Lord Howe Is. 
Christmas Is. 
Cocos Is. 
Norfolk Is. 
Heard Is. 
Macquarie Is. 
Belize 
Antigua 
Dominica 
Anguilla 

St. Kitts 

St. Lucia 
Montserrat 
St. Vincent 
British Virgin Is. 


Turks & Caicos Is. 


Falkland Is. 

S. Georgia Is. 
S. Orkney Is. 
S. Sandwich Is. 
S. Shetland Is. 


243 
243 
294 
301 
239 
188 
219 
120 
96 
99 
95 
97 
100 
97 
101 
96 
95 
149 
143 
153 
142 
156 


Yvo 


ZD7 
ZD8 
ZD9 


ZK1 
ZK1 
ZK2 


ZM7 


ZS2 
ZS3 


Bermuda 
Chagos 
Phoenix Is. 
Gilbert & Ocean Is. 
Pitcairn 
Brunei 

Hong Kong 
Kamaran Is. 
India 
Andaman 
Laccadive Is. 
Mexico 

Revilla Gigedo 
Upper Volta 
Khmer Republic 
Vietnam 

Laos 

Burma 
Afghanistan 
Indonesia 

Iraq 

New Hebrides 
Syria 
Nicaragua 
Rumania 
Salvador 
Yugoslavia 
Venezuela 
Aves Is. 
Albania 
Gibraltar 

St. Helena Is. 
Ascension Is. 
Tristan de Cunha 
Rhodesia 
Cayman Is. 
South Cook Is. 
North Cook Is. 
Niue 

New Zealand 
Campbell Is. 
Chatham 
Kermadec Is. 
Tokelaus 
Paraguay 
South Africa 
Marion Is. 
Namibia 
Monaco 


119 


110 
231 
231 
239 
231 
222 
221 
232 
243 
131 

88 
130 

91 

38 


3B6 
3B8 


3C0 
3D2 
3D6 


824 


9M2 


St. Brandon 
Mauritius 
Equatorial Guinea 
Annobon 

Fiji Is. 
Swaziland 
Tunisia 

Rep. of Guinea 
Bouvet 

Sri Lanka 

ITU Geneva 
United Nations 
Yemen 

Israel 

Libya 

Cyprus 
Tanzania 
Nigeria 
Malagasy Rep. 
Mauritania 
Niger 

Togo 

Western Samoa 
Uganda 
Kenya 

Somali 
Senegal 
Jamaica 

South Yemen 
Lesotho 
Malawi 
Algeria 
Barbados 
Maldive Is. 
Guyana 
Neutral Zone 
San Marino 
Ghana 

Malta 

Zambia 
Kuwait 

Sierra Leone 
W. Malaysia 
Nepal 

Zaire 

Burundi 
Singapore 
Rwanda 


52 
42 
76 
75 

244 
87 
42 
77 

135 

342 
38 
65 
28 
29 
43 
28 
51 
69 
55 
70 
69 
70 

241 
51 
48 
21 
75 

106 
28 
94 
67 
46 

100 

352 

105 
21 
36 
72 
40 
73 
19 
78 

312 

348 
63 
57 

308 

56 
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Phoenix 


107 


Seattle 

A2 Botswana 
A3 Tonga 

A4X Oman 

A5 Bhutan 

A7X Qatar 

A9X Bahrain 

AP Pakistan 

BV _ Taiwan 

BY China 

C2 Nauru 

C3 Andorra 

C5 Gambia 

C6 Bahamas 

cg Mozambique 
CE Chile 

CEQA Easter Is. 
CE@X San Felix 
CE@Z Juan Fernandez 
CM Cuba 

CN Morocco 

cP Bolivia 

CR3 Guinea-Bissau 
CR9 Macao 

CT Portugal 

CT2 Azores 

CT3 Madeira Is. 
CX Uruguay 

D2 = Angola 

D4 Cape Verde 
D6 Comoros 

DL Rep. of Germany 
DM German Dem. Rep. 
DU Philippines 
EA Spain 

EA8 Canary Is. 
EAQ Ceuta/Melilla 
El Rep. of Ireland 
EL Liberia 

EP Iran 

ET Ethiopia 

F France 

FB8W Crozet 


FB8X Kerguelen Is. 


FB8Z Amsterdam/ 


St. Paul Is. 
FC Corsica 
FG Guadeloupe 
FG/FS Saint Martin 
FH Mayotte 
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300 


New Caledonia 
Martinique 
Clipperton Is. 
St. Pierre/Miquelon 
Glorioso Is. 
Juan de Nova 
Reunion 
Tromelin 

Wallis & Futuna 
French Guiana 
England 

Isle of Man 
Northern Ireland 
Jersey 

Scotland 
Guernsey 

Wales 

Solomon Is. 
Hungary 
Switzerland 
Liechtenstein 
Ecuador 
Galapagos Is. 
Haiti 
Dominican Rep. 
Colombia 
Malpelo Is. 

San Andres 
Korea 

Panama 
Honduras 
Thailand 
Vatican 

Saudi Arabia 
Italy 

Sardinia 
Djibouti 
Grenada 

Japan 

Minami Torishima 
Ogasawara 
Mongolia 
Svalbard 

Jan Mayen 
Jordan 

Baker Is. 
Navassa Is. 

E. Caroline Is. 
W. Caroline Is. 
Guantanamo Bay 
Guam 

Mariana Is. 


OHO 


Hawaiian Is. 
Kure Is. 
Johnston Is. 
Alaska 
Midway Is. 
Puerto Rico 
Kingman Reef 
Palmyra Is. 
Serrana Bank 
American Samoa 
Virgin Is. 
Wake Is. 
Marshall Is. 
Canal Zone 
Norway 
Argentina 
Luxembourg 
Bulgaria 

Peru 

Lebanon 
Austria 
Finland 
Aland Is. 
Czechoslovakia 
Begium 
Faroe Is. 
Denmark 


Papua New Guinea 


Netherlands 
Neth. Antilles 
St. Maarten 
Brazil 
Fernando 

de Noronha 
St. Peter/St. Paul 
Trindade 
Surinam 
Bangladesh 
Seychelles 
Sao Tome 
Sweden 
Poland 
Sudan 
Egypt 
Greece 
Crete 
Dodecanese 
Mount Athos 
Turkey 
Iceland 
Guatemala 
Costa Rica 


Cocos Is. 
Cameroon 


Cent. African Emp. 


Congo 
Gabon 
Chad 

Ivory Coast 
Mali 


Eur. Russ. SFSR 
Franz Josef Land 


Kaliningradsk 
Asiatic Russia 
Ukraine 
White Russia 
Azerbaijan 
Georgia 
Armenia 
Turkoman 
Uzbek 
Tadzhik 
Kazakh 
Kirghiz 
Moldavia 
Lithuania 
Latvia 
Estonia 
Sable 

St. Paul Is. 
Australia 
Lord Howe Is. 
Christmas Is. 
Cocos Is. 
Norfolk Is. 
Heard Is. 
Macquarie Is. 
Belize 
Antigua 
Dominica 
Anguilla 
St. Kitts 
St. Lucia 
Montserrat 
St. Vincent 


British Virgin Is. 
Turks & Caicos Is. 


Falkland Is. 

S. Georgia Is. 
S. Orkney Is. 
S. Sandwich Is. 
S. Shetland Is. 


Bermuda 
Chagos 
Phoenix Is. 


Gilbert & Ocean Is. 


Pitcairn 
Brunei 

Hong Kong 
Kamaran Is. 
India 
Andaman 
Laccadive Is. 
Mexico 
Revilla Gigedo 
Upper Volta 
Khmer Republic 
Vietnam 

Laos 

Burma 
Afghanistan 
Indonesia 
Iraq 

New Hebrides 
Syria 
Nicaragua 
Rumania 
Salvador 
Yugoslavia 
Venezuela 
Aves ls. 
Albania 
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Johnston Is. 
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Puerto Rico 
Kingman Reef 
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Luxembourg 
Bulgaria 
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Dominica 
Anguilla 

St. Kitts 

St. Lucia 
Montserrat 

St. Vincent 
British Virgin Is. 
Turks & Caicos Is. 
Falkland Is. 

S. Georgia Is. 
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ITU Geneva 58 
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Togo 95 
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Chapter 7 


Trick Antennas 


The term “‘trick antenna” is somewhat misleading because the trick 
is not as much with the antenna as with the way you must apply 
power: to it. The purpose of this chapter is to describe what to do if 
there is insufficient space available, or the environment is unsuited 
to the installation of a properly sized system. The key point to re- 
member is that a compromise antenna is a much better one than no 
antenna at all. And in terms of making contacts, the smaller 
the antenna, the more skill needed to use it successfully. 

Many amateurs living in apartments give up HF Amateur Radio 
Shetating for a variety of reasons. Most will tell you that they just 
pom eanstall an antenna. Others will say that RFI (radio frequency 
interference) problems with nearby TV sets and home-entertainment 
equipment make operating impossible. What some of these amateurs 
fail to see is that operating is indeed possible — just not in the 
classic form. 

lhe apartment dwelling situation should be viewed as a chal- 
lenge. That’s exactly what it is! Three problems must be solved: 
RFI and TVI, the stringing of the wire, and loading power to the 
system. 


Television interference caused by a nearby operating transmitter 
comes in two forms. Harmonics radiated from the antenna can be 
reduced to acceptable levels usually with the use of a low-pass fil- 
gets Remember: a low-pass filter to be effective must be terminated 
into a proper load. The use of a low-pass filter is mandatory for the 
apartment situation even if the only purpose is to be in a position 
to say that you are doing your part toward the prevention of inter- 
ference problems. A low-pass filter is not very helpful, however, if 
harmonics are leaking from the transmitter cabinet itself or from the 
AC cord. Preventative techniques are discussed in detail by the 
authors of the ARRL’s Radio Frequency Interference manual 
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available from many electronics dealers or from ARRL directly. 
Proper shielding and line-cord filtering may solve many of the 
RFI problems encountered in an apartment living situation. 

A most serious situation results when interference is caused 
to audio Hi-Fi and stereo equipment. There is no direct way of 
eliminating the problem at the transmitter. And for the amateur 
to apply RFl-preventative measures to another person’s equip- 
ment is bad practice. Avoid it. The best solution is to reduce 
transmitter power to a point where the interference no longer 
exists. It is possible to reach a level which will allow interference- 
free radio operations. While it may be difficult to work DX with 
low power and short apartment-style antennas, the fun and chal- 
lenge can be exciting. 


An antenna does not need to be out of doors to be effective. Indoor 
antennas can be used for a number of Amateur Radio operating 
activities. An indoor 10-meter dipole, for instance, will give sur- 
prisingly good results with OSCAR operations as well as for long- 
distance communications. The same is true of 15 meters, although 
the third harmonic of 15 meters falls in the spectrum area of TV 
channel 3 and should be avoided in geographical areas where this 
channel is used. 

Many amateurs can construct a dipole in a manner to allow it 
to be physically located totally within the living quarters. The feed- 
line, RG-174/U, may be rolled up and put out of the way when it 
is not in use. The dipole itself may be strung near the face of one 
wall with the ends bending around corners to make up the full 
length required. A sufficiently large room may even allow for a 
20-meter dipole. Many times it is possible to run an antenna into a 
joining room to obtain the length required. If the system is designed 
to be temporary, i. e. for periods of actual use only, it may be dis- 
mantled, rolled up and stored away when it is not being used. One 
must be careful, though, to assure that the indoor antenna is in- 
sulated from contact with any surrounding object. This is a safety 
precaution. And as a matter of good practice, power levels aboye 
about 75 or 100 watts should be considered inappropriate for in- 
side antenna operation. Any indoor antenna must be periodically 
checked to assure that there are no potential shorts which could 
cause a fire hazard. Wire taped to walls and things of this nature 
is forbidden. An indoor antenna must be constructed just like 
one for outdoor use — insulators must be placed at both ends and 
the wire positioned in free space. 


Short “long-wire”” antennas connected between an apartment 
window and a nearby tree or pole (not a power pole!) will give good 
results even if the wire is only 15- or 20-feet long. All that is re- 
quired for the use of a “long wire’’ is a coupler which will properly 
match it. Suitable designs are given in Chapter 9. 

Inductively loaded short antennas for a particular band of 
operation may be built but the bandwidth problems encountered 
may make this format of antenna less desirable than some of the 
previous ones mentioned. A 20-foot long, 80-meter loaded dipole, 
for instance, will be usable over about a 10-kHz portion of the 
band and will require very careful tuning to get it to operate 
properly. The mathematical design of these electrically short an- 
tennas is well beyond the scope of this book because of the rather 
sophisticated nature of the calculations. However, for those readers 
interested in developing dimensions and inductance values, reference 
should be made to The ARRL Antenna Book, thirteenth edition. 


After the antenna configuration has been decided, the only problem 
left to solve is the method to be used for loading it. Chapter 9 gives 
a good cross-section of circuit designs with explanations of circuit 
applications. One should be selected from there. Because apartment 
operations should not include the use of high power, the components 
may be down-sized to meet individual requirements. Flexibility is the 
key to success. The antenna tuner should be built in a way to allow 
easy reconnection of taps and capacitor configurations to meet a 
variety of uses. Clip leads serve well for this kind of operation. 


Problem 3: Loading the 


Unusual Antenna 


Trick Antennas 
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Chapter 8 


Antenna Performance 


Evaluation 


O... of the biggest mysteries an amateur will face in his career is 
that of antenna performance evaluation. Does his antenna really 
work? If so, how well? And what can be done to improve it? This 
chapter deals with subjective antenna evaluation — objective testing 
requires an antenna range and test equipment far beyond the means 
of the average amateur radio hobbyist. 


The easiest and most objective test an amateur can perform on his 
antenna is the measurement of SWR. The proliferation of power 
meters during the past decade has made them available to almost ev- 
ery Amateur Radio operator. A deluxe model is described in Chap- 
ter 9. A great percentage of operations in the United States today 
probably would have difficulty tuning their transmitter without one. 
A detailed discussion of SWR and power meter readings is given 
in the next chapter. For an accurate test, the power meter should be 
mounted directly at the input terminal of the antenna. But measure- 
ments taken at the transmitter end of the coaxial cable are quite val- 
id when the SWR is close to unity. A reflected power indication of 
less than 10 percent at the transmitter end of the feedline indicates 
the power transfer to the antenna is satisfactory and further adjust- 
ments are not necessary (except for the fun of doing it!). Readings 
of nearly as much reflected power as forward power suggest there is 
something wrong with the antenna, the feedline or a connector. 


An often overlooked characteristic of an antenna is the frequency 
range over which the reflected power remains below 10 percent. As 
a rule of thumb, a full-sized antenna should have an SWR bandwidth 
of about three percent of the design frequency. As the radiating ele- 


SWR 


SWR and Operating 
Bandwidth 
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“A half-size antenna which 


has been electrically load- 

ed to make it appear full 
size will have a frequency 
bandwidth of less than one 
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ment is electrically shortened, the percentage of bandwidth becomes 
smaller. Likewise, when the clements of a Quad or Yagi are closely 
spaced (less than 0.16 wavelength), the bandwidth percentage is 
small. As an example, a three-element Y agi for 20 meters placed ona 
16-foot boom will have a bandwidth (typical) of about two percent. 
Those same three elements spaced out to occupy a 26-foot boom will 
increase the frequency limits of acceptable performance to about 
four percent of the design frequency. 

Element traps are another source of restricted bandwidth. Traps 
electrically load the elements and cause a reduction in physical size 
of the element by about 15 percent. If the element spacing is wide, 
as with a 24-foot-boom six-element Tribander, the SWR bandwidth 
will be about two percent. Element loading is sometimes used to re- 
duce the size of an antenna when space restrictions make it neces- 
sary. A half-size antenna which has been electrically loaded to make 
it appear full size will have a frequency bandwidth of less than one 
percent. 

Closely associated with the degradation of SWR characteristics 
in a parasitic antenna array is the deterioration of front-to-back ratio 
and gain performance. Said differently, in a properly tuned and 
matched parasitic antenna, gain and front-to-back ratio will diminish 
on a percentage approximately the same as the SWR. This explains 
why a Tribander tuned and adjusted for the cw portion of a band 
will exhibit only marginally adequate performance on the phone 
band segments. 

All of this is not to say that a narrow bandwidth is totally unde- 
sirable. Many operators don’t need a high percentage of bandwidth. 
An amateur who operates only the phone bands needs less than one 
percent. A multimode operator, however, will want to have a percen- 
tage bandwidth of three to four percent if he wants top-notch per- 
formance across the band. Remember, a restricted bandwidth anten- 


na is far better than no antenna at all! 


A popular misconception among amateurs is that a high SWR causes 
significant power loss in the system. The truth of the matter is that 
for typical HF-band operations, the loss introduced by an SWR of as 
much as five to one will probably go undetected under on-the-air op- 
erating conditions. (This is not true for VHF operating.) The primary 
purposes for having low SWR are 

1) to provide a proper termination for a low-pass filter. 

2) to allow the transmitter to load correctly. 

3) to avoid the need for a Transmatch. 


Unless the coaxial cable to the antenna is more than several hundred 
feet long, relatively high transmission line SWR will not significantly 
degrade system performance. See Chapter 3. Of course, the simple 
solution to an unacceptable SWR at the transmitter end of the coax 
is to use a Transmatch such as one of those described in Chapter 9. 
Don’t be mislead, however. A Transmatch has no impact on the gain 
bandwidth or the front-to-back-ratio bandwidth. A Transmatch only 
serves to aid low-pass filter and transmitter operation. 


Antennas which have gain also have some directivity. In the case of a Measuring Front-to-Back 
agi or Quad, discriminatio ard the rear of the system wi > Ratio 
Yag 1, discrimination toward tl f th tem with the Rat 
concentration of energy toward the front causes the antenna to have 
a pattern which can be measured. The specification of the measured 
pattern is given as a ratio in dB between a particular signal’s strength 
from the front of the antenna as compared to what it is when the an- 
tenna is rotated 180 degrees. Most antennas of the parasitic type 
t=) 
1ave substantial side s (off the ends of the elem speci 
| bstantial side null ff th ds of the elements), especiall 
the Quad. Rarely are side nulls specified. 
ecause antenna gain is impossible to measure 1 at ma- 
B t g possible t by the great ma 
jority of amateurs, the significant parameter to determine antenna 
performance is front-to-back ratio. Keep one point in mind: General- 


ly speaking, the frequency of highest front-to-back ratio is approxi- 
mately the same as for maximum gain. 

The measurement of front-to-back ratio is not an exact science. 
Most amateur hobbyists can’t accurately measure it. But even rela- 
tive measurements are useful, such as those made with a receiver S- 
meter. “.. the significant param- 

There are a number of ways one can make estimates of an an- eter to determine antenna 
tenna front-to-back ratio. The simplest way is to observe the receiver performance is front-to- 
S-meter on a signal coming from a known direction — then rotate the back ratio.” 
antenna 180 degrees. This procedure will give a relative idea of sys- 
tem performance. Or, the operator can make comparative measure- 
ments on a signal supplied by a local amateur friend. The third way is 
to generate your own signal and then measure that. Let’s look at the 
pitfalls of each method. 

Antenna patterns are not perfectly ‘“‘clean.’’ That is to say they 
aren’t as clearly defined as the diagrams shown in various textbooks. 

Proximity to the ground and surrounding objects, ground conductivi- 
ty, and the position of guy wires are a few things which upset a per- 
fect pattern. One must assume that the most accurate measurement 
of antenna performance is at the vertical wave angles which predomi- 
nate in the system. Tests made with signals which arrive at the anten- 
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“Tt is not unusual for 


front-to-back ratio figures 


to 


appear better during the 


afternoon hours then they 


do in the early morning 
ones.” 


“While the final test re- 
sult figures won’t be ac- 


curate by scientific stan- 
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na from the horizon (zero degrees) are not likely to be completely 
dependable. Chapter 2 discusses vertical patterns and should be re- 
viewed to determine the general characteristics of an antenna mount- 
ed at a specific height above ground. 

Signals arriving via the ionosphere are going to undergo propa- 
gation changes which affect both their strength and the vertical angle 
of reception. Sometimes these changes occur so rapidly that tests are 
impossible. Relative measurements can be made from ionospheric sig- 
nals by observing the S-meter over a period of a minute to determine 
the highest peak reading. Then, make a similar observation with the 
antenna pointed away from the signal being used for the test. A gen- 
eralized conclusion can be drawn about performance only after sev- 
eral dozen tests have been made at different times of the day. It is 
not unusual for front-to-back ratio figures to appear better during 
the afternoon hours then they do in the early morning ones. Ex- 
tremely high front-to-back ratios, or worse yet, ratios producing 
“negative” numbers (stronger signals from the rear of the antenna) 
should be discarded. If more than 10 percent of the signals seem 
“strange” however, something may be wrong with the measurement 
technique or with the antenna. 

Generating your own signal for antenna testing can provide use- 
ful data for making adjustments later. There are two ways lo ac- 
complish it. One is to use a grid-dip oscillator (battery-operated 
solid-state dipper is preferred) placed in a tree or on a pole a few 
hundred feet from the antenna under test. The antenna, then, 
may be rotated and relative signal strengths may be observed on the 
receiver S-meter. 

A simple variation of this procedure may be accomplished by 
using the station transmitter as the signal source. The transmitter, 
set for the “spot” position (or adjusted for very low output power), 
needs to be coupled to another antenna in the backyard. If the trans- 
mitter is reasonably well shielded, and the transceive cables intercon- 
necting it with the receiver are removed, the isolation between the 
transmitter and the receiver will be adequate. The advantage in using 
the transmitter and a separate outside antenna is that the transmitter, 
receiver and antenna rotator control box are all located in the same 
place. This makes frequency changes easy. Measurements can be 
made every 50 kHz or so throughout the band of interest. While the 
final test result figures won’t be accurate by scientific standards, a 
good indication of frequency bandwidth will be developed. 

Front-to-back-ratio bandwidth is one of the best indicators of 
how an antenna is operating. In reviewing the tests made on a par- 


ee 
ticular antenna, look for front-to-back indications being greater in 
one segment of a band than in another. Also, be sure to make some 
observations of a few commercial broadcast stations outside the ed- 
ges of the amateur band. It is possible to find the best ratios outside 
the desired band! If that happens, clement length adjustments are 
certainly in order. 

A point made in many antenna discussions is that maximum 
front-to-back ratio for a given antenna doesn’t occur at the same fre- 
quency as does maximum gain. Usually overlooked, however, is the 
point that they are close to each other in terms of frequency. If you 
can’t measure gain, and most of us can’t, the next best thing to meas- 
ure is front-to-back ratio. When the point of maximum front-to-back 
ratio is determined, and assuming the characteristic is reasonable (15 
to 25 dB), we may be assured that the point of maximum gain is 


nearby. 


Commercially manufactured antennas, such as the popular trap Tri- 
bander, have been factory tuned and are usually set for operation in 
either the phone or the cw band segment by the owner at the time of 
assembly. Attempting to modify the electrical characteristics of a 
Tribander is not recommended. These antennas are a collection of 
compromises between element length, trap construction and spacing 
to give proper performance on three bands with one feedline. 

The amateur interested in top-notch performance should con- 
sider building his own monoband antenna. Element hardware should 
be designed to allow easy adjustment to the overall length. After the 
antenna is assembled and installed, a series of tests can be made to 
determine the relative characteristics of the system. Then, the builder 
can make small adjustments to the element lengths and the matching 
network to maximize the pattern for a small range of frequencies. 
Usually the work is fun and the end results are quite satisfying. 


Determining when an antenna is working right is far more difficult 
than determining when it isn’t. The above paragraphs given for test- 
ing system performance must be considered crude indicators at best. 
Any engineer can give several reasons why the test procedures for 
measuring SWR, bandwidth and front-to-back ratio are meaningless. 
But they are not meaningless. They’re just far more subjective than 
we would like. As a general rule, antennas which show poorly under 
the tests described above will perform poorly during on-the-air opera- 
tions. And, an antenna which has a front-to-back ratio of 15 or 20 
dB will work quite well. 


“If you can’t measure 
gain, ... the next best 
thing to measure is front- 
to-back ratio.” 


Tuning the System for 
Optimum Operation 


Knowing When It’s 
Working Correctly! 
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The Transmatch 


i\f antenna Transmatch, often called a tuner or coupler, is one of 
the most useful devices in the hamshack. Some commercially manu- 
factured units have other station accessories built in for convenience. 
It is not unusual to find a Transmatch with a self-contained wattmeter 
or SWR meter, a coaxial-cable antenna switch, or even a balun for 
balanced antennas. One must keep in mind the basic purpose of a 
Transmatch, however. It is to provide a proper load for the transmit- 
ter and to couple energy to the feedline. There are numerous circuits 
applicable to Amateur Radio, as shown in Fig. 1. Specific examples 
and applications are described later in this chapter. Other Trans- 
match circuits have been published in Amateur Radio journals. 
References are given in Chapter 13. 

Simple Transmatch circuits usually consist of a capacitor-induc- 
tor combination and are designed to be used with unbalanced sys- 
tems. The components may be connected in a number of different 
ways depending on the frequency and how it relates to the antenna 
length, feedline length, and feedline characteristic impedance. Con- 
struction of a homemade coupler gives one the ability to select the 
correct combination for any particular need. 

For power levels up to about 200 watts, closely spaced variable 
capacitors, small inductors, and clip leads are appropriate. High- 
power operation requires the use of large capacitor spacings and 
heavy conductor inductors. Table 1 gives some guidelines for com- 
ponent selection based on power level and intended use. 

As described in Chapter 1, it is important to view the antenna 
and its associated components as a complete system. An infinite 
number of combinations for capacitance, inductance, feedline length, 
and antenna dimensions can give satisfactory results. Certain combi- 
nations, however, may be susceptible to capacitor arcing or coil heat- 
ing. This isn’t a major obstacle. The builder may vary one of the 
component values and generally have little difficulty making the sys- 
tem work properly. 

Knowing what to do when difficulties arise reduces the amount 
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of trial-and-error experimenting. For instance, if there is some capaci- 
tor arcing under normal operating conditions, change the amount of 
inductance being used. The same is true for a heating coil, i.e., 


change the amount of capacitance. It is worth pointing out at this 


Table 1 


Suggested capacitor spacings and wire size for typical systems described at 
(A) and (B). 


Capacitor Wire Wire 
Voltage | Spacing Watts (A) Size (A) Watts (B) | Size (B) 


.015 in. 
.031 in. 
.050 in. 
.070 in. 
0.100 in. 
0.150 in. 
(A) Assumes an end-fed long wire (random-length) or center-fed multi- 
band dipole using balanced feedline. 


(B) Assumes unbalanced transmission line (coax cable) to half-wave 
dipole, beam or similar antenna used on its operating frequency. 


Fig. 1 — Typical circuits used 


to properly match a trans- (C 
mitter to a feedline in Amateur (A) 

Radio stations. Examples (A) Oy et ee 
through (D) use a simple induc- INPUT input OA AZo 
tor; (E) through (H) use a trans- C1 

former configuration. Compo- et 
nent v; i 
eee alues and construction | +4e simpLest FORM OF A TUNA- 
alls are explained by exam- | BLE TRANSMATCH USED MOSTLY 
ples later in this chapter. WITH END-FED LONG WIRE AN- 

TENNAS. A UNIVERSAL TRANSMATCH WHICH, 
FOR THE NUMBER OF COMPONENTS 
NEEDED, PROVIDES THE GREATEST 
TUNING RANGE OF ANY OTHER 
CIRCUIT PRESENTED HERE. 
(D) 

C2 
(B) INPUT 
L1 i 
INPUT L1 
c2 
o C1 

A PI-NETWORK DESIGNED TO THIS TRANSMATCH HAS SLIGHTLY 

WORK WITH LOW-IMPEDANCE GREATER RANGE THAN (C) ABOVE 

SYSTEMS. BUT REQUIRES A SPLIT-STATOR 
CAPACITOR. 
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a 
a 
juncture that some coil heating is normal. ‘Too hot” is when the 
coil distorts in physical shape or when fingers get singed upon con- 
tact (after the power is removed). For each small change in induc- 
tance, a slightly different capacitor setting will be required. If prob- 
lems persist even after a number of capacitor-inductor adjustments 
have been tried, it may be necessary to alter the length of the feedline 
or the radiating element of the antenna. A length of feedline, when mis- 
matched at the antenna, acts as a transformer changing in apparent 
impedance al the transmitter end as a result of the length. Modifying 
the length of the feedline only a few feet sometimes has a dramatic 
effect on Transmatch tuning. 


One station accessory needed to properly tune a Transmatch is the The SWR Bridge and 
SWR bridge or power meter. You don’t need both although some Wattmeter 
commercially available units come with both built together as a sin- 
gle package. Some Transmatches have them built in. 
The difference between an SWR bridge and a wattmeter is that 
the former gives a ratio of forward and reflected voltages on the 
transmission line. The latter presents forward and reflected power in 
watts which may be used to calculate SWR if need be. The wattmeter 


is handier than an SWR bridge because it provides a monitor of pow- 


(E) (G) 


1 C1 INPUT 
INPUT at 


SERIES-CONNECTED CAPACITOR 
(SHOULD BE GANGED TOGETHER) 
ARE USED WHEN A LOW-IMPEDANCE 
LINK COUPLING IS A TECHNIQUE UNKNOWN VALUE IS TO BE 
WHICH ALLOWS ALMOST ANY AN- MATCHED. 
TENNA-FEEDLINE IMPEDANCE TO 
BE MATCHED TO 50 OHMS. 


are ee SN 


(F) T1 


A BALANCED COUPLER HAS A WIDE A SIMPLE VERSION OF (F) 
RANGE OF TUNING WHEN USED MAY BE USED WHEN ONLY A SINGLE- 
WITH UNKNOWN HIGH-VALUE- STATOR CAPACITOR IS AVAILABLE. 


IMPEDANCE FEEDLINE SYSTEMS. 
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“When the Transmatch is 
properly adjusted, the 
SIR indicator will dis- 

play either zero reflected 

watts or an SWR of 1.” 


“For the initial Trans- 
match tuning adjustments, 
low power settings are 


always used.” 


Fig. 2 — Functional diagram to 
show proper placement of 
wattmeter/SWR bridge within 
the system. 
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er being delivered from the transmitter to the load in a usable form: 
watts. The SWR meter provides a relative indication of a ratio of 
voltages and is far more frequency sensitive than the wattmeter. 
Given a choice, use a wattmeter. 

The SWR indicator, whether it be a wattmeter or SWR bridge, 
must be placed between the Transmatch and the transmitter, and not 
between the Transmatch and the feedline. When the Transmatch is 
properly adjusted, the SWR indicator will display either zero reflect- 
ed watts or an SWR of 1. Under these conditions, the transmitter, 
and a low-pass filter if one is used, will be “looking” into the proper 
termination and should tune and operate in accordance with the in- 
struction manual. This is the ideal situation, 

Commercially manufactured wattmeters generally have four 
switch positions. Two are for forward power, two are for reflected. 
For the initial Transmatch tuning adjustments, low power settings 
are always used. Power output from the transmitter should be kept 
as low as possible while still providing a meaningful indication on the 
wattmeter. One-third scale reading is about right for the forward 
power position. While viewing the reflected power, adjust the Trans- 
match controls for minimum indication. The transmitter or trans- 
ceiver should be set in the CW mode with the telegraph key control- 
ing on-off periods. The key should be closed only to take a reading 
or to adjust the Transmatch controls. If a proper match cannot be 
achieved within 10 seconds or so, unkey the transmitter and wait a 
few seconds. It’s a good idea to check the transmitter/transceiver in- 
struction manual for details concerning recommended length of key- 
down time. 

An SWR bridge is operated in the same fashion as a wallmeter. 
These devices usually have two controls, one for adjusting the sensi- 
tivity of the meter indication and the other for determining SWR. 
When making initial Transmatch adjustments, the sensitivity control 
should be set to maximum and the transmitter power output kept as 


ANTENNA 


TRANSMITTER 


Lowpass SWR INDICATOR TRANSMATCH 


FEEDLINE 
TO ANTENNA 


low as necessary to keep the needle from going off of full scale. The 
Transmatch controls are adjusted for minimum SWR (usually zero 
meter reading in the SWR position). Once the proper settings for the 
Transmatch have been determined, the sensitivity of the SWR bridge 
can be reduced and the transmitter output increased to maximum. 
Then, to check the SWR, set the sensitivity control for a full-scale 
reading on the SWR meter in the “forward” or “‘set”’ position. Then, 
rotate the switch to read SWR. If the needle comes off bottom scale, 
retouching the Transmatch controls is appropriate. Remember, 
though, with full power, a small change in the Transmatch controls 
will produce a quick change in the meter reading. 

Interaction between controls on the transmitter and those on 
the Transmatch is common. For instance, as the operator adjusts the 
Transmatch settings, the transmitter loading and power output will 
change. In many cases, the transmitter will need to be retuned after 
the Transmatch adjustments are finished. When a Transmatch em- 
ploys only one variable component, the capacitor, tuning is simple. 
Rotate the knob for minimum SWR. When two capacitors are used, 
the operator needs to adjust one after the other, back and forth, un- 
til a proper match is achieved. Three variable adjustments or con- 
trols, two capacitors and a rotary inductor, provide the utmost in 
flexibility. But they also complicate tuning. Develop a sequence. 
Tuning the input capacitor first, then the output capacitor, and 
finally the inductor, seems to be the best approach. The sequence 
will have to be repeated several times until a perfect match is found. 


Until now, we have discussed simple devices normally used with coax 
cable or random length wires for one-band operation. With slightly 
more sophisticated circuits, balanced feedlines can be used for opera- 
tion on more than one band. 

A center-fed dipole, at least one-half wavelength long, will oper- 
ate at almost any frequency so long as the coupler can match the bal- 
anced feedline to the transmitter output impedance. There are three 
types of balanced feedlines typically found in amateur antenna in- 
stallations. Open-wire or ladder line is bare No. 18 copper wire, two 
conductors separated with small plastic insulators every foot or so. 
TV Twinlead performs the same function but has the advantage of 
being totally insulated. One manufacturer markets low-impedance 
transmitting Twinlead (72 ohms) and this is recommended for high- 
power applications. Ladder line also works well with high power; or- 
dinary Twinlead should not be used for power levels above 500 
watts. 


“Three variable adjust- 
ments or controls, two ca- 
pacitors and a rotary in- 
ductor, provide the ut- 
most in flexibility.” 


Multiband Operation with 
a Balanced Coupler 
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Inside view of a commercially 
manufactured coupler for high- 
impedance feedlines (Johnson 
Matchbox). 


Fig. 3 — (A) A multiband di- 
pole, half-wave long at lowest 
frequency of operation may be 
Matched on several bands with PeCbER EINE 
a balanced coupler. (B) The 
same system also may be 
matched with a simple Trans- 
match and balun configuration. 
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When a dipole is operated at other than its resonant frequency, 
the antenna impedance will vary considerably from very low to ex- 
tremely high. There will be a mismatch between the transmission line 
and the antenna on most frequencies of operation. As long as the 
feedline doesn’t exhibit considerable loss under highly mismatched 
conditions, the system will work fine. Open-wire has the lowest loss 
of those mentioned above. Avoid coaxial cable. 

There are two basic ways of matching the high-impedance 
(typical) normally found at the end of a balanced line such as open- 
wire. Sce Fig. 3. One is to construct a 4:1 balun using a ferrite core. 
An example is given elsewhere in this chapter. The function of the 
balun is to transform a balanced high impedance to some lower value 
unbalanced so that a conventional Transmatch may be used to cou- 
ple energy to the system. The other way to match a high-impedance 
balanced line is to use a transformer type of coupler. Circuits (I), 
(G) and (H) given in Fig. 1 are suitable. An actual unit is described 
later. 


A one-knob antenna coupler is suitable for tuning most end-fed long- 
wire antennas. The circuit given in Fig. 4 performs well for most ap- 
plications where the power level is below 250 watts. An ideal length 
for the wire (antenna coupler to far insulator) is 87 feet. This par- 
ticular dimension provides a reasonable termination for the coupler 
on all bands, 160 through 10 meters. 

A minimum number of components are needed. The capacitor 
and coil are mounted on an aluminum chassis, 5 X 7 X 2 inches. An 
83-1R Amphenol coaxial receptacle is mounted on the rear panel of 
the chassis using one No. 4 machine screw. The connector supports 
one end of the B&W Miniductor. The other end is connected to the 
stator plates on the E. F. Johnson capacitor. The antenna connects 
to the same electrical point as the coil but at the rear of the capaci- 
tor. A clip-lead arrangement serves as a device to select an appropri- 


Fig. 4 — Circuit diagram for the simple long-wire coupler. L1 may be any induc- 
tor having about the same characteristics as given. It need not be exactly dupli- 
cated. 


C1 — 1000 pF air vari- 
able capacitor (John- 
son 154-30). 

J1— 83-1R coax con- 
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nector (Amphenol). 

L1 — 17 turns, 2-1/2-in. 
dia., 6 tpi miniductor 
(B&W 3029). 
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A simple Transmatch for long- 
wire antennas. 
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Fig. 5 — Link coupling may be used to achieve greater range at the low- 

impedance end of the scale. The link is made from plastic covered No. 14 or 

No. 16 ordinary household wire. 

C1 — 1000 pF air variable capacitor (Johnson 154-30). 

J1— 83-1R coax connector (Amphenol). 

T1 — 4 turns plastic wire wound over cold end (ground) of the coil. The in- 
ductor is 17 turns, 2-1/2 inch dia., 6 TP! (B&W 3029 Miniductor). 


SELECT PROPER 
TAP POINT 


Fig. 6 — Circuit diagram for the pi-network antenna coupler. C1 and C2 are the 
same value; for 40 and 80 meters a value of 300 pF will be needed, while 20, 15 
and 10 meters require 150 pF. J1 and J2 are Amphenol 83-1R connectors. L1 is 
similar to the inductor used at L1 in Fig. 5 and has provisions for tap selection. 


J2 


OUTPUT 


ate tap point on the coil. Note that every other turn of the Miniduc- 
tor is depressed to allow easy connection. 

Tuneup is simple and has been described earlier in the chapter. 
A proper capacitor setting and coil tap is possible on each band. Tap 
points may be marked for easy reference by placing a colored dot 
(marking pen) on the appropriate coil winding tap position. For high- 
er power operation, a capacitor with greater plate spacing will be re- 
quired. The inductor specified is usable up to a kilowatt. 

A variation of this design is shown in Fig. 5. The purpose of this 
design is to obtain greater low-impedance range which might result 
from antenna wire lengths shorter than 87 feet. For both couplers 
described above, precautions need to be taken to prevent body con- 
tact with the device during transmitting periods. Severe RF burns to 


the skin could result. 


Shown in the photograph and schematically in Fig. 6 is a Transmatch 
capable of coupling to a low-impedance system. The approximate 


ENE 


range of the device is 20 to 300 ohms. Mechanical simplicity is the 
key feature for this unit. The capacitor frames are mounted directly 
to the chassis and the inductance may be easily changed for different 
antennas or different bands. Component values described with the 
long-wire coupler mentioned above are satisfactory. The primary dif- 
ference is a second capacitor has been added. 


The simplest yet most versatile Transmatch for Amateur Radio use is 
the circuit described in Fig. 7. There are four basic components: two 
variable capacitors, a band switch and an inductor. This circuit, as 
compared to the pi-network described above, is mechanically more 
complicated. The capacitors are insulated from ground (chassis po- 
tential) and a switch has been added for convenience. Also required 
are insulated shafts from the capacitors to the tuning knobs to pre- 
vent hand capacitance from detuning the device. This is especially 
bothersome on the higher HF amateur bands. 

The model shown in the photographs is designed for power 
levels up to 2 kilowatts. A tape-wound inductor is used at L1 and 
should not heat up under any normal operating conditions. One ad- 
vantage of the flat-tape construction of the inductor is the ability to 
use strap clips for connections. While a band switch is incorporated 
for easy band changing, the strap clips can be moved readily if an an- 
tenna change at the station requires a different tap point. Or, the sta- 
tion may have more than one antenna for a particular band and the 
tap points could accommodate these. Over the past several years, the 
Transmatch shown has been taken to Field Day operations with a 
radio club. Movable tap points are convenient, to say the least. 


The Universal Transmatch 


The Universal Transmatch 


Fig. 7 — A Universal Transmatch. L1 taps may be selected for various bands or for different antennas on the same 


band. See text for details. 


C1 — 347-pF transmitting air variable (Johnson 154-10). 

J1, J2 — Coax receptacle (Amphenol 83-1R). 

L1— 12 4H, tape wound (Johnson 232-626). 

$1 — Single pole, 5 position, high-voltage switch (Radio Switch Corp.). 
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A homemade chassis was fabricated from sheet aluminum. Be- 
cause the capacitors must be isolated from chassis ground, each is 
mounted on a pair of ceramic pillars. Two large holes are cut in the 
front panel to allow space for shaft couplings and 1/2-inch PVC rod 
to pass through to the knobs. PVC rod is an effective insulator. 

The two capacitors are of equal value. They appear to be differ- 
ent because they are from different manufacturers. Recommended is 
E. F. Johnson part number 154-16. The inductor is also manutfac- 
tured by Johnson, part number 232-626. By no means is the home 
constructor bound to use the component designations listed here. 
New components are expensive. Surplus capacitors and switches ac- 
quired from a local ham radio fleamarket could make this Trans- 
match inexpensive to build. 


A 4:1 Balun Transformer A bifilar wound (two wires together) transformer may be used to 
Adapter couple the unbalanced coaxial type output from a Transmatch to a 
balanced feedline. The term balun comes from the description 
balanced to unbalanced. Impedance transformation for the device is 
four. By connecting a balanced feedline to the balun adapter as de- 
scribed in Fig. 7, a feedline impedance of a few thousand ohms (bal- 
anced) is transformed to some value below 1000 ohms. This lower 
value falls within the tuning range of most Transmatches. 
A T-200-2 ferrite core is used for power levels up to about 500 
watts. For one-kilowatt operation, two cores should be taped togeth- 
er. Single-sideband operation at 2-kilowatts input requires three 


Table 2 
Barker and Williamson Miniductor suitable for Transmatch circuits. No. 3020 and 3024 would be used only for 


very low-power applications. 
Miniductor Diameter TPI (Turns Wire Miniductor Diameter TP! (Turns 
No. (Inches) Per Inch) Size No. (Inches) Per Inch) 
4 14 2 8 
8 16 


ee 
cores. Multiple cores may be taped together with a nonplastic tape 
such as glass-cloth or Teflon. 

The winding consists of two conductors wound together on the 
core and connected as shown. The wire should be Teflon insulated 
and no smaller than 14 gauge. Twelve complete turns are needed for 
40- through 10-meter operation. To include 80 meters, use at least 
16 turns; 20 are needed for 160-meter applications. 

One wire of the balun connects to the single output terminal 
along with one lead from the balanced feedline. The other feedline 
wire is attached to the remaining balun conductor. Transmatch op- 
eration is the same as without the balun. Tuning has been described 
in earlier sections. 


The most efficient method to transfer energy from your transmitter A Balanced Coupler for 
to a high-impedance balanced feedline is by using a balanced coupler. High-Impedance Feedlines 
One is shown schematically in Fig. 8. Following the example dia- 
grammed in Fig. 3A, one can use a single centerfed dipole on sever- 
al amateur bands. This particular coupler is a high-Q device and 
extremely high harmonic attenuation — an important feature when 
multiband antennas are being used. The same is not true for the an- 
tenna and Transmatch arrangement at Fig. 3B. 

The balanced coupler presented here is built on an aluminum 
chassis, 10 X 17 X 3 inches. Tl is mounted between the two variable 
capacitors permitting short lead lengths, an important consideration 


for 10-meter operation. Input power to the coupler comes via a 


Fig. 8 — Circuit diagram for a high-impedance balanced feedline coupler. Alligator clips are used to select proper 
shorting points and tap positions. Because of the high voltages which appear in a coupler of this type, it is recom- 
mended that the builder not consider a band switch. See text for details. 


C1 — 1000 pF close-spaced plates (Johnson 154-30). 


C2 — Split-stator capacitor, 200 pF each section with high-voltage plate spacing (Johnson 154-507). 
P1 — Coax plug PL-259. 
T1 — See text. 
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A balanced coupler for high- 
impedance feedlines. Clips are 
provided for easy band 
changes. 


Easy attachment of clips is pos- / 
sible because every other coil ‘A 
turn (except the link) has been ¥ A 
depressed. See the text. ee 
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3-foot long piece of RG-8A/U with a connector mounted at the 
far end. This technique simplifies construction somewhat. 

“Plan your cuts carefully.” The link-coupled input coil for Tl is made from the center 
section of a large Miniductor. To fabricate the link, cut the wire at 
the appropriate two places on the form and unwind a half turn of 
wire in each direction. Plan your cuts carefully. Large Miniductors 
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are expensive and an incorrect cut is not readily repaired — if re- 
paired at all! 

The number of turns for the secondary of TJ is relatively unim- 
portant because the unused turns are shorted out with alligator clips. 
T1 shown here is designed for operation on 160, 80 and 40 meters. 
The link is 12 turns and each side of the secondary has 30 turns. 
This B&W Miniductor type 3030 is eight turns per inch of No. 14 
wire, and is 2-1/2 inches in diameter. Overall coil length is 9-1/2 in- 
ches. For operation over the range of 80 through 10 meters, the same 
Miniductor is recommended but with a six-turn primary and 20 turns 
each side of the link. Because large values of inductance and capaci- 
tance are necessary for 80-meter operation, tuning becomes critical 
(touchy) on 10 meters. If 20, 15 and 10 meters are of primary inter- 
est, a coupler could be built using lower value capacitors (especially 
at C1) and one-half the inductance for both primary and secondary 
windings. A 3029 Miniductor would be a better choice than the one 
listed above. 

Tuneup is simple and straightforward. An SWR indicator is 
needed to determine when the correct tap points have been found. 
Opening paragraphs in this chapter describe the operation of a Trans- 
match and should be reviewed by amateurs not familiar with Trans- 
match/coupler tune-up procedures. 

Initial alligator clip positioning must be accomplished under 
low-power conditions. The objective is to select a point for the short- 
ing taps which allows C2 to operate at midrange. The feedline also 
connects to the coil with alligator clips. The aim here is to place the 
two clips for the feedline at equal distance from the center of T1 
and as far from the center as possible while still achieving a perfect 
matched condition. Each time any tap position is moved, retuning of 
Cl and C2 is required. 

When the proper tap points for all four clips have been found, 
it’s time to increase the transmitter power to full output. This ad- 
justment (increase) in power should be made slowly. If C2 ares over 
before full power is reached, some further adjustment is necessary. 
First, move the shorting taps in a turn or two, reduce power and re- 
tune the coupler. Then increase the power to full output. If the con- 
dition becomes worse, move the tap points a turn or two the other 
direction. The same procedure may be necessary for the feedline tap 
points. Always retune after each adjustment. Moving tap positions 
can prove fruitless. The only alternative, then, is to change the length 
of the feedline. 


Cutting shorter the feedline may be difficult because it is usual- 


“Tuneup is simple and 
straightforward.” 


“Initial alligator clip posi- 
tioning must be accom- 
plished under low-power 
conditions.” 


“Always retune after each 
adjustment.” 


The Transmatch 139 


A Dual Indication Watt- 
meter for the Amateur 
Station 


Dual indication wattmeter. 


ly the correct length to reach the ham shack. Therefore, the way to 
change the length is to add to it. An increase of just a few feet of line 
may have a dramatic impact on coupler operation. In no case should 
one need to increase the length by more than 30 feet. The excess 
wire can be strung around the radio room (unsightly) or may be re- 
routed throughout the backyard. Once the proper taps have been de- 
termined for a particular band, they may be identified by tape 
“flags” or with dots made from colored marking pens. Repeat the 
above procedure for each band of operation. 

A few safety precautions must be observed. Very high RF 
voltages appear on the transmission line and the coupler components, 
Bodily contact must be avoided. The coupler shown here is built in 
an open-frame fashion to allow ready access to the taps for band 
changes and adjustments. One must prevent household pets and 
children’s fingers from brushing against it. Open-wire transmission 
line must be routed in such a way to prevent (not just avoid!) anyone 
from coming in contact with it under any circumstances. If this is 
impossible, open-wire shouldn’t be used. TV Twinlead would be a 


better choice. 


A very handy device to keep tabs on transmitter and antenna opera- 
tion is a directional wattmeter. Commercially available unils have 
been advertised in various publications for years. The simplicity of 
these units, however, makes them ideal candidates for a weekend 
project. Alignment is relatively simple and parts are not so obscure 


The control head houses the meters Inside view of the wattmeter power 
and the switch. Other components sample unit. 
are contained in the sample unit. 


that they can’t be found at a local electronics store. 

A circuit diagram is given in Fig. 9 and the mechanics are shown 
in the photographs. Two meters allow simultaneous reading of both 
forward and reflected power. A single double-pole, double-throw 
toggle switch selects low-power or high-power indications. The low- 


Fig. 9 — Circuit diagram for a wattmeter. C1 is a miniature variable compression trimmer. Notes concerning ad- 
justment are given in the text. The connecting cable consists of five twisted wires six feet long. 


CONNECTING 
POWER SAMPLE UNIT INDICATOR UNIT 


25/250W 250/2500 W 
REF. FWD. 


: 250 WATTS FORWARD 

: 2500 WATTS FORWARD 
: 25 WATTS REFLECTED 

: 250 WATTS REFLECTED 
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The R. L. Drake Company 
MN-2000 is suitable for match- 
ing unbalanced coax loads. 
Heavy tubing is used for the 
higher frequency bands. Note 
the wattmeter unit on the cir- 
cuit board at the lower right. 


“,.. the accuracy of an RF 
wattmeter is not as precise 
as we might like.” 
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power setting is for 25 watts reflected and 250 watts forward, while 
the high-power setting displays 250 watts reflected and 2500 watts 
forward. All of the components (except the coax connectors) for the 
RF sample unit are mounted on a small circuit board installed inside 
a Minibox measuring 2-1/4 X 2-1/4 X 5 inches. T] is 29 turns of No. 
28 enamel wire on a T-68-2 ferrite core. 

The indicator unit houses the two meters, each one having a 
sensitivity of 500 microamperes full scale. A homemade dial face has 
been glued inside the meter’s plastic cover. Press-on decal letters lend 
a professional look to the device. 

Although relatively unknown to most users, the accuracy of an 
RF wattmeter is not as precise as we might like. Some expensive 
commercially manufactured power meters are specified as plus or 
minus 5 percent of full scale. That’s 20 watts in 200! Most manufac- 
tured products for the amateur market are accurate to better than 
plus or minus 10 percent of full scale. The unit described here, when 
correctly calibrated, is closer to 5 percent than 10. 

For accurate calibration of the wattmeter, two devices are 
needed. A 50-ohm dummy load will serve as the known impedance 
and another wattmeter (from a friend?) may be used as a calibration 
source for power. However, reasonably accurate adjustments may be 
made with just the use of a dummy load. 

Before power is applied to the unit, set R1 through R4 to mid- 


scale. Insert the wattmeter in the line between the transmitter and 
the dummy load. The antenna connector on the wattmeter goes to 
the dummy load. Set $1 to 25/250 watts. Apply sufficient power to 
the wattmeter to give an indication on the forward power meter. 
Anything from a quarter- to half-scale reading is fine. Observe the re- 
flected power indication, If it is not zero (assuming the dummy load 
is really 50 ohms), adjust C1 for a null, The meter reading may not 
reach zero but it should come close. Twenty meters is a good place 
to make these adjustments. 

If a calibrated wattmeter is available and the transmitter is cap- 
able of providing at least 250 watts of power output, the way to set 
the forward power adjustments is to apply 250 watts to the unit, 
place S1 in the 25/250 position, and adjust RJ for full-scale for- 
ward reading. Then change S1 to the 250/2500 position and set R2 
for an indication of 250 watts on the 2500-watt scale. For both of 
these settings, there should be little, if any, reading on the reflected 
meter. 

Next, to adjust the reflected calibration, reverse the connections 
to the RE sample unit. (The transmitter should be connected to the 
antenna jack on the RF sample unit and the dummy load connected 
to the transmitter connection.) Now, forward power will be dis- 
played on the reflected meter. Adjust the power output from the 
transmitter to 25 watts. Place S1 in the 25/250 position and adjust 
R38 for full-scale reading (25 watts). Then switch S1 to 250/2500 and 
adjust R4: for a reading of 25 watts on the 250-watt scale. Reconnect 
the coax connectors to the proper terminals and you’re ready for 
operation. 

If only a dummy load is available for calibration, the procedure 
changes a bit. The simple way to obtain reasonable results is to deter- 
mine the output from your transmitter and set the meters to match 
it. Most transmitters available today are about 60-percent efficient. 
If the transmitter panel meter shows both plate voltage and plate cur- 
rent, determining your input power is easy. Set the transmitter for 
some conyenient power input, like 180 watts (volts times amperes). 
Assuming 60-percent efficiency, it is reasonable to expect 110 watts 
of output. Follow the procedure given in the paragraphs above to set 
the forward power levels (substituting 110 for 250 watts and adjust- 
ing R1 to 110 watts on the 250-watt scale). Then, detune the trans- 
mitter so that only 25 watts is displayed on the 250-watt forward 
meter. Shut off the transmitter and reverse the connections on the 
power sample unit. With S1 set to 25/250, turn on the transmitter 
and adjust R3 for full scale. Place S1 in the 250/2500-watt position 


“Apply sufficient power to 


the wattmeter to give an 


indication on the forward 


power meter.” 


“If only a dummy load 


is 


available for calibration, 
the procedure changes a 


bit.” 
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and adjust R4 to display 25 watts on the 250-watt scale. No doubt 
this procedure will give readings in the vicinity of plus or minus 10 
percent, which is perfectly adequate for operation. Reconnect the 
coax to the proper jack on the RF sample unit. 

Forward- and reflected-power numbers may be used to deter- 
mine SWR. Table 3 is given to aid the amateur operator. The benefits 
of having two meters, one for reflected and one for forward, will be- 


come obvious the first time a Transmatch is tuned! 


Table 3 
SWR Chart. Normal transmitter operation may be expected from SWR condi- 


tions of less than 2:1 as indicated by the shaded area of the graph. For high- 
power SWR determination, all watt figures may be multiplied by 10; for low- 
power readings, divide all power figures by 10. Or, one may multiply both 
scales by 20 (or any other number for that matter) to obtain 2000 watt figure 
The key to remember is that whatever you do to the horizontal scale onward’ 
power) must also be done to the vertical one (reflected power). 
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Tower and Rotators 


=e Amateur Radio station has an antenna. That’s the message of 
Chapter 1. But the owner/operator of a station has hundreds of dif- 
ferent ways to fulfill this need. Many antennas require a support and 
a rotator to achieve the maximum benefits. Described here are the 
various choices one has in selecting a tower and rotator to fit a par- 
ticular circumstance. Step-by-step instructions for the installation of 
a tower are not given. Instead, it is the purpose of this text to give 
guidelines for proper selection of hardware. Assembly instructions 
come as a part of the purchased tower package and must be followed 
carefully to assure the utmost in safety and dependability of the 
structure. 


Because there are many interrelating factors in the selection of tower 
hardware, selecting a specific model or manufacturer’s type is a com- 
plicated process. To many amateurs, especially DXers, the height of 
the tower is all important. To others, cost and real estate restrictions 
are paramount. The pragmatic approach is by far the best. 

Town Zoning Ordinances may have a large impact on the ama- 
teur’s selection of a system. Whether or not one should obtain a per- 
mit to install a tower depends on many things. A permit gives the 
owner general assurance that town politicians will not require its re- 
moval at a later date. Building permits for reasonable tower heights 
are easy to obtain and the fee is small. Most building inspectors will 
ask for a property plot plan and a set of tower specifications to sub- 
stantiate that what you plan to do will not present a hazard to the 
community and meets with good engineering standards. 

One law which exists in almost every state stipulates that if a 
tower falls, it cannot fall beyond the owner’s property boundary. 
Said differently, the height of the tower and mast determines the 
minimum distance a tower can be placed from the property line. It 
is good practice to follow this guideline even if your state doesn’t re- 


How to Choose a Tower 
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quire it. In addition, you must take reasonable measures to assure 
that no one can gain easy access to the base of the tower for the pur- 
pose of climbing it. Telling neighborhood children that they are not 
allowed to climb the tower is insufficient. Should someone become 
injured as a result of having the ability to easily gain access to and 
climb a tower, the owner can be held accountable. The best defense 
against potential legal action is to make it extremely difficult for 
anyone to circumvent your restrictions. Fine-wire hardware cloth or 
garden fence wrapped around the base of the tower is generally ade- 
quate to keep small children from getting their feet into the tower 
rungs. It doesn’t hurt to include a chain and padlock to hold every- 
thing in place. 

‘Most towers are rated by The size of an antenna has a considerable amount to do with 

wind-load specifications.” the selection of the tower to support it. Most towers are rated by 
wind-load specifications as determined by the number of square feet 
of surface area presented by the antenna. Caution must be exercised 
to prevent enthusiasm and optimism from out-weighing good judg- 
ment! A small antenna mounted on a heavy-duty tower is safer than 
the reverse of that. The inexperienced tower purchaser is advised to 
seek advice from experienced amateurs. Most local radio clubs have 
a “tower expert” among the membership. To find the name and ad- 
dress of your nearest radio club, write to The American Radio Relay 
League, Club and Training Department, 225 Main Street, Newington, 
CT 06111. 

A number of present-day tower manufacturers direct some of 
their products toward the Amateur Radio market. Each one hasa cata- 
log giving specifications and guidelines for their usage. The follow- 
ing manufacturers will usually provide literature: 

Unarco-Rohn 
P.O. Box 2000 


Hy-Gain Electronics 
8601 N. E. Hwy 6 
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Peoria, IL 61601 


Wilson Electronics 
P. O. Box 19000 
Las Vegas, NV 89119 


Tri-Ex Tower Corporation 
7182 Rasmussen Ave. 


Visalia, CA 93277 


Heights Manuf acturing Company 
Almont Industrial Park 
Almont, MI 48003 


Lincoln, NE 65505 


UPI Communications Systems 
481 Getty Ave. 
Paterson, NJ 07503 


TET USA 
425 Highland Parkway 
Norman, OK 73069 


Self-standing towers for Amateur Radio are available in heights ranging 
from 22 to 70 feet. Towers of 40 feet or less are often unguyed if the 
antenna is small. As an example, 33 feet of Rohn No. 25 without guy 
wires will support a Tribander Beam or smaller array provided the 
base is properly installed. If a house bracket is included 12 to 15 feet 
above the tower base, the height may be increased to 40 feet. The 
Rohn Tower Catalog gives specific instructions for these kinds of 
installations. A word of caution is necessary: Occasionally a house 
bracket will transmit vibrations to the house frame, which then acts 
as a sounding board. A humming noise inside the home can be very 
annoying to family members. It is best to avoid a house bracket un- 
less it is allached to a garage wall or a brick structure. 

'ree-standing towers have a few significant advantages over 
other types. First, a minimum of real estate is needed. The tower 
may be mounted near a building (not always possible with a guyed 
tower) or even between two buildings. Raising an antenna to the top 


of a self-standing tower is simple and requires little effort. 


Some towers are designed to be cranked up with a winch and cable 
assembly. The sections are telescoped together allowing them to be 
raised and lowered with relative ease. The primary advantage of a 
crank-up tower is the ability to crank it down when it is not going to 
be used for an extended period of time or in the event of bad weath- 
er. Most crank-ups nest at 20 feet or so, allowing maintenance and 
installation of antennas without the need to climb any higher than 
that. Under no circumstances may a crank-up be climbed in any 
position other than fully nested. 

Another mechanical arrangement which offers many of the 
sume features as the crank-up is the fold-over tower. A fold-over 
tower has a hinge at some point above the ground, and a winch al- 
lows the owner to fold the top sections over to ground level. All an- 
tenna and rotator work may be accomplished while standing on solid 
eround. (Erection of the tower itself may require some climbing.) 

Even more conyenient than either of the two types described 
above is the crank-down fold-over tower. The advantages of both are 
included within one system. Two winches are used, one for each 
mode of travel. First, the tower is lowered to its fully nested position. 
Then it is folded over bringing the top section within reach from the 
ground. 

At best, crank-ups and fold-overs present a considerable danger 
to the owner/operator. Climbing a fold-over or crank-up is absolutely 
forbidden. And cranking a winch has caused heart attacks for those 


Self-Supporting Towers 


“Occasionally a house 


bracket will transmit vibra- 


tions to the house 
frame...” 
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The business end of a Gin Pole. 
Note how it attaches to the 
tower leg. The pulley is at the 
top of the sliding tubing held 
in place by the handle at the 
left. 


Guyed Towers 
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The pulley assembly at the topendof An automotive scissor jack is a handy 
a Gin Pole allows the rope to pass tool for jacking apart already assem- 
through the pipe and over the roller. bled tower sections. 


oo 


not in tip-top physical condition. 

Occasionally, a tower of this type will jam during the process of 
raising or lowering it. If a jam occurs, it’s best to hire a rigger for re- 
pairs. Be sure the winch assembly has a lock to prevent an accident 
should the winch handle slip out of hand. Furthermore, it’s a good 
idea to remove all winch handles when they are not in actual use. 
This keeps anyone from tampering with them. 


The most popular tower for Amateur Radio service uses guy wires for 
support. The advantages are that it is strong and will support large ar- 
rays. The cost, when compared to equivalent free-standing or crank- 
up models, is considerably lower. The disadvantages are that it re- 
quires additional real estate for guy wires and the raising of antennas 
is far more difficult. Some special tools are required for erection. 
When purchasing a guyed tower, be sure to include all of the 


A guy wire equalizer plate serves to keep tension on all guys equal. Note how Turnbuckles, after they are 
one end of one guy wire is attached to the ground stake and used to loop tightened, must be strung with 
through the turnbuckles to prevent untwisting. The loop is held in position with wire to prevent them from un- 
twisting. 


a cable clamp. 
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Cable ends, called ‘preforms’ make Torsion assemblies are used with Rohn 
for a professional installation of guy- No. 25 tower to help prevent the tow- 


wire insulators. er from twisting. These are recommend- 


ed for towers of 50 feet and taller. 


recommended hardware. It is easy to neglect the use of torsion as- 
semblies, thimbles and proper earth anchors. Keep in mind that the 
load specifications are based on using the associated hardware. Any 
variations from that should be cleared with the manufacturer before 
a purchase is made. If you have any doubts about your ability to 
erect a tower, write to the manufacturer and ask to be given a set of 
assembly instructions for the model of interest. What you receive by 
return mail is probably all that you are going to get in the way of in- 
dividual help. If the instructions are unclear, better enlist the aid of 
some experienced amateurs. Details for finding the name of the near- 
est radio club were given earlier in this chapter. 


A hoist and Gin Pole are going to be needed to install a guyed 


“The recommended dis- 
tance between the anchor 
and the base of the tower 
is 80 percent of the tower 
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height.” 


A hoist is a handy device to pull tension on guy wires. The one shown here sells 
for under $50 by Sears and is rated for 2000 pounds. 


system. The Gin Pole allows a rope and pulley assembly to be ex- 
tended above the existing tower level for raising the next section. 
Unarco-Rohn manufactures a Gin Pole designed for use with their 
products. Because the cost is rather high for the amount of time that 
it will be needed, many radio clubs invest in a Gin Pole and lend it to 
members in need. If a small “rental” fee is required, the club can re- 
cover its investment quickly. 

A hoist is a mechanical device used for lifting heavy objects. 
The 2000-pound capability model is suitable for applying tension to 
guy wires. (This is not to say that one is to apply 2000 pounds of 
tension to a guy wire!) The photograph shows one such device sold 
by Sears for under $50. 

Proper placement of guy wire anchor points is important for 
maintaining a stable and strong tower. The recommended distance 
between the anchor and the base of the tower is 80 percent of the 
tower height. A 60-foot tower needs three anchors spaced 120 de- 
grees around the base at a distance of 48 feet from it. 

A question often asked is whether or not to use insulators in the 
guy wires. That’s a difficult question to answer. The cost of insula- 
tors and the associated hardware necessary to mount them is expen- 
sive. Many amateurs place two or three insulators in each of the three 
top guy wires. Lower sets of guy wires are far enough removed from 
the antenna that the likelihood of any interaction is nil. Check the 


tower catalog specification sheet for insulator size recommendations 
before making a purchase. Small egg insulators are inappropriate. 


Very rarely does the amateur take it upon himself to build his own 
antenna rotator. A number of years ago when surplus World War II 
aircraft prop-pitch gearbox assemblies were available, it was popular 
to adapt one for antenna rotation. But the availability of these has 
diminished greatly during the past 10 years and few are in service to- 
day. 

The easiest way to categorize rotators is by price class. The cost 
is a good indicator of capability. A number of manufacturers offer 
products suitable to Amateur Radio service: 


Cornell-Dubilier Telrex Laboratories 

150 Avenue L P.O. Box 879 

Newark, NJ 07101 Asbury, NJ 07712 

TET USA The Alliance Manufacturing Company 
425 Highland Parkway Alliance, OH 44601 


Norman, OK 73069 

Wilson Electronics 
Hi-Gain Electronics P. O. Box 19000 
8601 Northeast Hwy 6 Las Vegas, NV 89119 
Lincoln, NE 68505 


KLM Electronics, Inc. 
17025 Laurel Road 
Morgan Hill, CA 95037 


In this era of inflation, it is difficult to give price guidelines for fear 
that they will be outdated in short order, This problem notwith- 
standing, at 1979 prices, the following guidelines apply: 

Price class under $100: Suitable for most VHF/UHF arrays 
(except the large stacked systems) and small three-element 10- and 
15-meter Yagis. In a mild climate, this class or rotator may be sturdy 
enough to withstand a two-element 20-meter array mounted on it. 

Price class from $100 to $200: For general-purpose use with a 
Tribander antenna or up to 24-foot boom, 20-meter Y agis. Rotators 
costing over $100 are usually equipped with a brake. The brake 
serves to hold the antenna in place during windy conditions thereby 
preventing gear damage. 

Price class from $200 to $300: Moderately strong rotators fall 


Choosing a Rotator 


Towers and Rotators 
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“A long mast is desirable 
for all large antenna sys- 


tems because the pipe acts 


: 


asa torsion tube...’ 


“By far, the worst place to 
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mount a rotator is above 
the apex of the tower.” 


Tower and Rotator 
Grounding 
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eee 
into this category. A two-element 40-meter beam or a long-boom 
antenna (up to 40 feet for 20, 15 or 10 meters) may be used. 

Price class of $400 and up: A rotator priced at this level will 
hold and turn almost any size antenna an amateur can install includ- 
ing a three-element full size 40-meter Yagi. 

An important consideration in the selection of a rotator is de- 
pendability. A broken rotator will render a directional antenna use- 
less. If gears or the brake assembly are destroyed, the antenna may 
free-wheel in the wind causing the coaxial cable to twist up tight and 
perhaps even tear. An undersized-for-the-load rotator is often no end 
of problems and is not recommended. On the other hand, a heavy- 
duty unit with a moderately sized antenna will give many years of 
maintenance-free operation. 

Before a choice is made on which rotator to purchase, dimen- 
sions should be reviewed to assure the tower and rotator are compat- 
ible. If there is any question, a note to the rotator manufacturer will 
bring the correct answer. 

There are four places to mount the rotator: (A) at the base of 
the tower with a mast running the entire length of the tower, (B) 10 
feet below the tower apex using a 14-foot long mast, (C) just beneath 
the apex of the tower using a short mast, and (D) above the apex of 
the tower. By far, the worst place to mount a rotator is above the 
apex of the tower. Most rotator bell-housings are not engineered to 
withstand the lateral force caused by wind. If the rotator must be 
positioned above the apex, mount the antenna as close as possible to 
the rotator. 

Most tower top sections have a provision for locating the rota- 
tor just below the apex. The other option is to mount the rotator at 
the bottom of the top tower section thereby permitting the use of a 
long mast. A long mast is desirable for all large antenna systems be- 
cause the pipe acts as a torsion tube relieving some of the wind force 
transmitted back from the antenna to the rotator. A short mast has 
little flex and provides no protection for the rotator brake assembly 
during very windy conditions. 


Chapter 12 deals with this topic and should be reviewed before in- 
stalling any tower or antenna. Lightning protection is mandatory for 
safe operation of an Amateur Radio station. 
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Antenna Considerations 
for Satellite Operations 


Said communications is becoming popular in the ranks of 
Amateur Radio. Many of the systems described in earlier chapters of 
this book are adequate for communications via existing satellites to- 
day. Additional background is given in this chapter relating to basic 
systems for satellite communications programs for use in classroom 
education. 

The author wishes to thank Dr. Martin R.. Davidoff, K2UBC, for 
his permission to use portions of his work entitled Using Satellites in 
the Classroom: A Guide for Science Educators, Catonsville Commun- 
ity College, Catonsville, MD, 1978. 


The basic 29-MHz ground station, as shown in Fig. 1, consists of an 
HF (high frequency) communications receiver and an antenna. We 
look first at the receiver. The HF receiver can be either a GC (general 
coverage) or amateur-bands-only model, as long as it covers 29.000— 
29.500 MHz, the frequency region where the signals from the 
AMSAT-OSCAR and Russian RS satellites can be found. It must be a 
communications receiver, i.e., capable of detecting Morse code and 
SSB (single sideband) voice signals. Most receivers produced in the 
last 20 years for the Amateur Radio operator market, which cost $250 
or more when new, will work wellif in decent condition. A new top- 
is to draw two cross-sections of the three-dimensional pattern, one 


COPPER WIRE 
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—— ——> ROPE (TO SUPPORT) 
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COAXIAL 
CABLE 


HF 
COMMUNICATIONS 
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(29.0 TO 29.5 MHZ) 


Basic 29 MHz 
Ground Station 


Fig. 1 — Basic satellite ground 
station for 29.0 to 29.5 MHz. 
The following coaxial cables 
can be used (in order of prefer- 


ence): RG-8/U, RG-11/U, 
RG-59/U. 
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Used receivers of the type needed are often available for well under 
$100. When considering a receiver keep in mind that an amateur- 
band-only model will generally outperform a GC receiver of similar 
cost. 

A convenient antenna for the basic ground station is the half- 
wave dipole pictured in Fig. 1. It can either be mounted horizontally 
as shown or hung vertically from one end. The best performance will 
be obtained if it is mounted high and clear of surrounding objects. 


The ground station receiving antenna has an extremely important ef- 
fect on overall station performance. Choosing an antenna consists of 
matching (under various constraints) antenna properties to one’s re- 
ceiving requirements — there is no single “best” antenna nor is an an- 
tenna with higher gain necessarily better than one with lower gain. It 
is therefore important to have a general understanding of antenna 
properties and how they are specified. Our objective when choosing 
an antenna is to provide an adequate signal-to-noise (S/N) ratio at the 
output of the receiver while minimizing the complexity of the sys- 
tem. What constitutes an adequate S/N ratio depends on the experi- 
ments to be performed but, in general, our requirements are modest. 
We do not need 99.9% reliability nor a dynamic range suitable for 
symphonic music. Once again our approach is practical, qualitative 
and intuitive. We begin this section by discussing antenna properties 
and then turn to some practical downlink antennas. The antenna 
properties we will be looking at include 


1) Directional properties (patterns, directivity , gain, efficiency) 
2) Transmitting vs. receiving properties. 


One very important characteristic of a receiving antenna is its 
relative effectiveness at extracting power from radio signals arriving 
from different directions. An antenna that extracts power equally well 
from signals arriving from any direction is called an isotropic anten- 
na. No practical antenna has this property, but we introduce the con- 
cept because the isotropic antenna is a useful “measuring stick” for 
comparing other antennas to. An antenna that selectively extr 
power from a certain preferred direction is called a beam. The 
many types of beam antennas. 


acts 
re are 
Because it is difficult to draw a three-dimensional picture repre- 
senting the directional properties of an antenna, the usual approach 
is to draw two cross-sections of the three-dimensional pattern: One 
in the horizontal plane (horizontal pattern) as shown in Fie. 2 


' , ge. 2, and 
one in the plane perpendicular to the horizontal plane (vertical pat- 


er EEE 
a 
tern). The vertical cross-section is taken in the direction of maximum 
horizontal plane gain. The terms horizontal and vertical refer to an 
antenna mounted in its usual configuration for terrestrial communi- 
cations. Actually, patterns must always include information on the 
antenna orientation so as not to be ambiguous. An antenna whose 
horizontal pattern is a circle is called an omnidirectional antenna. 

Beam antennas do not give something for nothing. They just 
confine their response to certain directions at the expense of others. 
The directivity of a receiving antenna is a measure of its relative abil- 
ity to concentrate its response to a specific direction compared to a 
standard antenna. . . . The horizontal beamwidth of an antenna is 
specified by measuring the angle in the horizontal pattern between 
the points where the field intensity has dropped by 3 dB from its 
maximum value. The 3 dB (half power) points are shown in Fig. 2. 
Vertical beamwidth is defined in a similar manner by referring to the 
vertical pattern. If a pattern has more than one lobe, we confine our 
attention to the main lobe. In general, directivity and beamwidth are 
closely related — the higher the directivity, the narrower the beam- 
width. 


Most applied discussions of antennas emphasize the transmission 
properties while we have been emphasizing the receiving properties. 


To relate receiving and transmitting properties of an antenna, consid- 
or D D 


Fig. 2 — Horizontal field-intensity pattern for three-element Yagi beam with 0.1 
wavelength director spacing and 0.15-wavelength reflector spacing. Element 
length adjusted for maximum gain with antenna mounted 1/2 wavelength above 
ground. Beamwidth measured at half power (3 dB) points. 
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“The directivity of a re- 
ceiving antenna is a meas- 
ure of its relative ability 

to concentrate its response 
to a specific direction...” 


Transmitting vs. 
Receiving Properties 
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“The amount of power an 
antenna can extract from 
its environment is roughly 
dependent on its physical 

size,” 


Fig. 3 — Imaginary text setup 
used to illustrate reciproci- 
ty between transmitting and 
receiving properties of an 
antenna. 
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er Fig. 3 which shows a radio link involving two stations — A and B. 
We begin by assuming that A transmits and B receives. Station A has 
a choice of two antennas: One is a beam, the other an isotropic. Sta- 
tion B has a single antenna, the type is not important. When A uses 
the isotropic to transmit, the radiated signal spreads out equally in 
all directions and only a small amount of power reaches B. If A 
switches to the beam, keeping the transmitted power constant, a 
much larger amount of power is directed toward B. B will actually 
extract more signal power from the antenna when A is using the 
beam. In both cases B will receive the same amount of noise power 
so the signal-to-noise (S/N) power ratio seen by B will be considera- 
bly higher when A is using the beam. 

Now let’s consider the reciprocal problem with B using the 
transmitter and A at the receiving end of the link. The amount of sig- 
nal power reaching the vicinity of A is fixed. The amount of power 
an antenna can extract from its environment is roughly dependent on 
its physical size. If the isotropic and beam antennas are about the 
same size, each will extract the same amount of power from the de- 
sired signal. However . . . the beam will only accept noise power 
from a limited direction so it will provide an improved S/N power ra- 


ISOTROPIC 
ANTENNA 


DIPOLE 
BEAM ANTENNA 


ANTENNA 


STATION STATION 
A B 


ee 
ee 


tio. For well-designed antennas, the improvement in the S/N power 
ratio for the link will be the same whether the antenna changes de- 
scribed in the example are made at the receiving end or at the trans- 
mitting end of the link (reciprocity principle). 


In this section we discuss some of the practical considerations re- Practical Ground-Station 

lated to choosing (1) antenna location, (2) between beams and omni- Antennas 

directional antennas, and (3) between linearly and circularly polar- 

ized antennas. It is strongly recommended that the simplest possible 

antenna system be used initially. For low-altitude satellites, such as 

AMSAT-OSCAR 7 and 8 and the Russian RS-1, this means fixed 

omnidirectional or broadly directional antennas. The high-altitude 

AMSAT Phase III series will require moderate gain beam antennas al 

the ground station. By starting with simple antennas one can evaluate 

the performance improvements obtained by various changes in the 

system and weigh the enhanced performance against the added sys- 

tem complexity. Later in this section we describe a number of speci- “. . ..the best location 

fic antennas for ground station use. for an antenna is as high 
1) Antenna Location. Generally, the best location for an anten- as possible and as far from 

na is as high as possible and as far from surrounding objects as possi- surrounding objects as 

ble. However, keeping in mind our design objective of producing an possible.” 

adequate S/N ratio at the receiver output while minimizing system 

complexity, it is often best to compromise on a convenient location. 

Losses in the feedline can be a serious problem, especially at VHF 

and UHI’ frequencies. It is possible to reach a point where improve- 

ments due to raising the antenna are offset by feedline losses unless 

one uses a preamp mounted at the antenna, Signals of the 146 MHz 

AMSAT-OSCAR 7 downlink are so strong that this author has often 

obtained good results during demonstrations (even in steel and con- 

crete buildings) with a simple ground-plane antenna held in one hand 

while tuning the receiver with the other. However, don’t count on 

being this lucky — get your antenna on the roof and above nearby “Beginners should start 

objects insofar as possible. with either omnidirec- 
2) Beams vs. Omnidirectional Antennas. Although beams can tional antennas or those 

produce better S/N ratios at the ground station, using them entails having a very broad pat- 

constructing an antenna system with at least one or two rotators and tern...” 

tracking the satellite during each pass. Beginners should start with 

either omnidirectional antennas or those having a very broad pattern 

So that rotators are not needed. Note: Moderate gain antennas will be 

needed with Phase III satellites except near perigee. 
3) Polarization. Although we have discussed the advantages of 

using circular polarization at the ground station, once again it is 
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Half-Wave Dipole 


Fig. 4 — Horizontal pattern of 
half-wave dipole, The radial 
scale represents normalized 

field intensity. Beam- 
width = 78°, 
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much simpler to start off using linearly polarized antennas which are 
simpler to construct. Once some experience has been acquired, one 
can experiment with circularly polarized antennas if improved per- 


formance is required. 


(Only suitable for low-altitude Phase II satellites.) Perhaps the simp- 
lest antenna for ground station use is the horizontally mounted half- 
wave dipole mentioned in conjunction with the simple ground sta- 
tion. The half-wave dipole (4.85 m at 29.5 MHz,96.5 emat 146 MHz, 
32.3 cm at 435 MHz), fed in the center with coaxial cable, is ex- 
tremely simple to construct. The horizontal pattern of a half-wave di- 
pole is shown in Fig. 4. A horizontally mounted half-wave dipole can 
be classified as a broadly directional linearly polarized antenna. Di- 
poles are used at a great many ground stations for reception al 29.5 
MHz. If one is mainly interested in the mid-morning (local time) 
passes of AMSAT-OSCAR 7 and 8 which generally go from north- 
east to southwest, a single fixed dipole oriented Roxthiwest to south- 
east will provide an appropriate horizontal pattern. It will also work 
well for the Russian RS-1 satellite. Many stations use two horizon- 
tal dipoles mounted at right angles, each with its own feedline. They 
can then switch from one dipole to the other, choosing the antenna 
that provides the best signal. 

A simple variation of the dipole is the Inverted Vee antenna 
shown in Fig. 5. From a construction viewpoint, it is just a dipole 


with drooping ends. The horizontal pattern of an Inverted Vee is shown 


in Fig. 6. Because the pattern is relatively omnidirectional in the 
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horizontal plane, a single Inverted Vee can provide reasonable cover- 
age in all directions. 

So far we have been considering horizontal plane patterns. We 
now consider the vertical plane pattern of the half-wave dipole. Ver- 
tical patterns are strongly influenced by the presence of the ground. 
Three possible vertical patterns for a half-wave dipole above perfect 
ground are shown in Fig. 7. The effective electrical ground does not 
generally correspond with the actual surface level so one cannot just 
use a tape measure to figure out which pattern is appropriate. A pat- 
tern like that shown in Fig. 7C is very undesirable since each time the 
satellite passes through one of the nulls, the downlink signals will 


fade. In reality the nulls do not appear as sharp as shown because (1) 


T 
2.4 - 3.6 METERS 


Fig. 5 — 29.5 MHz Inverted 
Vee antenna. See Fig. 1 for 
dimensions. 


Fig. 6 — Horizontal pattern of 
Inverted Vee with 120°-apex 
angle. The radial scale repre- 
sents relative field intensity. A 
half-wave dipole (dashed line) 
is shown for comparison. 
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Fig. 7 — Vertical plane (eleva- 
tion) patterns for half-wave di- 
pole above perfect ground. 
Pattern at right angles to di- 
pole. Pattern A is for height of 
1/4 wavelength, B for 3/8 
wavelength, C for 1.5 wave- 
length. 


Fig. 8 — Dipole mounted above 
reflecting screen. Best results 
are obtained when H = 3/8 
wavelength, D is less than .1 
wavelength, and L is .6 wave- 
length. Note that it is not 
necessary to physically con- 
nect the grid wires to the di- 
pole or feedline. 
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the ground is not a perfect conductor and (2) satellite signals often 
arrive at the receiving antenna after being reflected off nearby ob- 
jects. 

Many dipole users just orient the antenna with regard to the 
horizontal pattern and mount it as high and as clear of surrounding 
objects as possible. Although this does not usually result in optimum 
system performance, the results are usually adequate. Some users 
have tried to obtain the desired vertical pattern (Fig. 7A or 7B) by 
simulating a ground with a grid of wires placed beneath the dipole as 
shown in ig. 8. Subjective reports suggest that even a single wire 
(the one labeled A) so placed may improve reception. At 146 MHz 
the ground can be simulated by a reflecting screen so that the vertical 
pattern of Fig. 7B can be obtained with the antenna mounted in a 
desirable high location. See Fig. 9 for construction details. The feed- 
line matching system shown in Fig. 9B may improve reception when 
using this antenna. Some users have experimented with the Inverted 
Vee antenna above a simulated ground. Although hard data is not 
available , subjective reports are favorable. 

The basic half-wave dipole can also be mounted vertically. When 
placed this way, it will produce an omnidirectional pattern in the 


horizontal plane. However, performance at high vertical angles may 


Fig. 9 — Dipole above reflecting screen (A) and feed system (B) with dimensions 
for 146 MHz. At (A) the total length of the dipole should be 1/2 wavelength 
(97.2 cm). It can be made from copper or brass tubing. Hardware cloth ona 
wooden frame is used for the screen which should be at least .6 wavelengths 
(122 cm) ona side. A reflector spacing of 3/8 wavelength (72.4 cm) should be 
used, Feed with RG-11/U or the impedance matching transformer shown in 

(B). At (B) an alternative feed system. The RG-11/U should be an electrical 1/4 
Wavelength at 146 MHz (31.9 cm for solid dielectric cable; 36.2 cm for foamed 
dielectric cable). 
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be poor. When used in this configuration the feedline should be rout- 
ed at right angles to the antenna for at least a half wavelength (5 


meters at 29.5 MHz). 


(Only suitable for low-altitude Phase II satellites.) Another simple 
antenna is the ground plane (GP), which consists of a 1/4- or 5/8- 
wavelength vertical element and three or four horizontal, or droop- 
ing spokes about 5-percent longer than the vertical clement. One is 
shown in Fig. 10B. Metal sheet or screening is sometimes used in- 
stead of the horizontal spokes. Dimensions for the vertical element 
(1/4 wavelength, 5/8 wavelength) are — 2.4 m, 6.1 m at 29.5 MHz; 
48.3 cm, 121 cm at 146 MHz; 16.2 em, 40.4 cm at 435 MHz. The GP 
has an omnidirectional horizontal plane pattern. The radiation is 


linearly polarized. Vertical plane patterns for 1/4. wavelength and 5/8 


Fig. 10 — The groundplane (GP) antenna. At (A) vertical field Patterns showing 
relative intensity for 1/4-wavelength and 5/8-wavelength ground-plane an- 
tennas. Solid lines show pattern over ideal earth (conductivity = 100%). Dashed 
lines represent more realistic pattern. Ground losses greatly reduce intensity at 
low-elevation angles. At (B) construction details for 1/4-wavelength ground- 
plane antenna using SO-239 female UHF coaxial connector. 
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wavelength GP antennas are shown in Fig. LOA. A number of stations 
have used GP antennas at 29.5 MHz and 146 MHz with excellent re- 
sults. Although the vertical plane pattern suggests that GP perform- 
ance should be poor when the satellite is overhead, this is frequently 
nol the case. The overhead null is often not observed because satel- 
lite signals reflected off nearby objects arrive at the GP at low angles 
when the satellite is overhead. If a GP is mounted high and clear of 
nearby objects, the overhead null may be observed. 

GP antennas designed for 27 MHz citizens band (CB) operation 
are widely available and inexpensive. They can be modified for use 
on 29.5 MHz by shortening the vertical element by 9 percent. CB 
salespersons will inevitably try to sell the “bigger and better” 5/8- 
wavelength model but, at 29.5 MHz, better results are usually ob- 
tained with the 1/4-wavelength model. 

GP antennas designed for 146 MHz amateur operation are avail- 
able commercially at moderate costs. . . . A 1/4-wavelength ground 
plane can be constructed at extremely low cost using an SO 239 UHF 
female coax connector as shown in Fig. 10B. You'll also need about 
2.6 meters of No. 12 copper wire — the type used for house wiring is 
fine. Solder the vertical element and the four spokes to the coax con- 
nector as shown in the figure. To mount the antenna, connect a feed- 


line and tape the feedline to a mast. 


It’s often convenient to use more than one receiving antenna at a 
Specific downlink frequency, switching to whichever antenna per- 
forms best at a given time. Antennas with complementary character- 
istics are generally chosen. The antennas can be complementary with 
respect to (1) azimuth response (for example: two perpendicular hor- 
izontal dipoles), elevation response (examples to follow), or (3) po- 
larization response (for example: a horizontal dipole and a GP). An 
example of a complementary elevation angle would be to use a 1/4- 
wavelength GP when the satellite elevation angle is below 40 degrees 
and an Inverted Vee mounted close to the ground for high elevation 
angles (common combination at 29.5 MHz). Another common pair 
at 29.5 MHz consists of a Yagi mounted horizontally with only azi- 
muth control (used at low-elevation angles) and an Inverted Vee 
mounted close to the ground (used at high-elevation angles). At 146 
MHz many stations find that a small Yagi (5-el) mounted on a azi- 
muth rotator, but at a fixed elevation angle of 25 degrees, works well 


for elevation angles up to 60 degrees. 


“Although the vertical 
plane pattern suggests that 
GP performance should be 
poor when the satellite is 
overhead, this is frequent- 
ly not the case.” 


Antennas: General 


“Antennas with comple- 
mentary characteristics are 
generally chosen.” 
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Safety 


Sites, in the ham shack is usually a matter of common sense: Be 
Sure that high-voltage power supplies are covered, avoid open AC 
connections, keep equipment in their cabinets when power is applied 
and so on. One of the problems with common sense, however, is that 
one has to be confronted with something at least once before it be- 
comes obvious. Some obvious, and some not so obvious aspects of 


amateur station safety will be given attention in this chapter. 


Almost every amateur station situation has antenna requirements 
Which will involve considering nonamateur objects in the vicinity 
of the antenna or related hardware. Most suburban property is sub- 
jected to a variety of hazards which must be avoided. Lucky indeed 
is the amateur faced with only trees and rocks in his yard! 

Power lines, in general, present the biggest potential problem 
for the amateur. An antenna cannot be run above power lines be- 
Cause if it comes down, it would rest on high-voltage conductors. The 
antenna shouldn’t run underneath power lines; the lines could break 
and fall on the amateur’s antenna. While the former is likely, and the 
latter is unlikely, neither situation is acceptable. Also, on our “‘ban 
list” js connecting one end of an antenna to a utility pole for sup- 
Port. It brings the bare wire of an antenna close to the power mains, 
and it could cause problems for a utility man assigned to climb the 
pole. Antenna proximity to power company poles or wires must be 
‘voided under all circumstances. Besides, many power lines radiate 
noise at amateur band frequencies and should be avoided for that 
Teason alone. 

The same treatment must be given to masts supporting wire an- 
tennas, suy wires, and of course to towers as well. While guyed tow- 
ts rarely bend at the center and fall, self-standing towers can. All 
towers should be kept at least their height in distance from anny 
lines. Even though a tower is erected with the purpose of assuring it 


Placement of Antennas 
in the Backyard 


“Power lines present the 
biggest potential problem 


for the amateur.” 


Safety 


“Another hazard created 
by an amateur’s antenna is 
the potential impact ona 


bystander.” 


“Informal agreements with 
others to fasten antennas 
or place guy wires on their 
property are poor practice, 
particularly if some gets 
injured.” 


The Weather — 
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won't fall, assume that it can fall and take adequate precautions to 
avoid contact with high-tension lines. , 
Another hazard created by an amateur’s antenna is the potential 
impact on a bystander. Never route wires across streets or pavements 
Keep antennas and lead-in cables at least 10 feet above the wallet 
level. Neck-high wire antennas could cause serious injury to Sitcont 
Just because your antenna is located on private property Abaunvt al 
lieve you of the responsibility for injury. You are Pes oncible a 
instance, if a neighborhood child climbs your tower a e : ki 
even though you may have told the child, or the child’s Y, a ; _ 
tower climbing is forbidden. You must take positive i ae > 
your antenna and associated hardware is safe for all ae 3 a 
Informal agreements with others to fasten antenn: “i ; lace 
guy wires on their property are poor practice, particular! rif 3 com 
a : arly if someone 
gets injured. If your plan for a system won’t fit on your property 
: . . os 2 
a it up. An informal agreement often leads to a misunder- 
Amateur Radio station owners who rent property housi 
have a slightly different problem. They must aes = . ae 
of the owner. And more important, many apartment d aa wae 
only a limited amount of insurance. The coverage ma ee 
ge may not extend to 
antenna systems. Check your policy before installing a system. Y 
don’t need a “shock” from your insurance agent if s S . “4 
jured as a result of a fallen antenna. 9 Pigeon 
One course of action which helps assure safe operation is 
periodically inspect all of the components for Be ity - wi a, 4 
looking ropes, wires or hardware must be replaced Be eaintcly ol 


aq) > Clie r 9 « ¢ 

Rain doesn’t usually cause a safety problem with the amateur’s at 

Beet. v.. oe amateur’s an- 

tenna system. While water may degrade performance. and i 

ue ae : ance, and in some 

cases ruin feedlines, traps and things of this nature, rain wat | 
Tain water rarely 


causes a dangerous situatio 2 E 
g auion to develop “recti 
- Lrectine ante i 
g antennas in the 


rain, however, is not recommended because towers. tr ; 1 
‘ WES ees, roolrs anc 
ladders all become slippery when wet. or 
High wind and heavy ice present far greater d 
. . 5 ; 
Separately, wind or ice can cause severe damage t 
; Ce) 


together they can be disasterous. High w 


angers than rain. 
an antenna, but 
inds can flex wi 
vias : 2 ex wires and 
aluminum tubing to a point of extreme fatioue Soon l E 
tigued com ak +p sa aeor 
: ponents break and if it occurs during high wind ts 
of your system could be transported to some ter ‘ 8 nds, par 
Tee build- i i 
F ; up on wire and beam elements is a problem tail 
oath, aadlaeae : : associate 
rate temperature locations. In the far nort} aaa 
nern latitudes, 


ater fa- 


ackyard. 


Where the temperature remains well below freezing Heh of the time, 
ice formation is rare. Of more concern are those areas of our GOUnEY 
Which have winter temperatures that cross over the 32-degree pont 
on a regular basis. A warm front is usually the cause of freezing 
rain — the rain forms in warmer air above low colder air and the ver- 
tical air temperature differential crosses 32 degrees. When the SURI 
temperaiure for antenna components is below freezing, and it is 
struck by rain (not snow), the water adheres to the component and 
freezes, 

Fortunately, an advancing warm front often brings aes 
ground-level temperatures and the ice melts rapidly. Bul that’s not 
always the case. Several hours duration of freezing rain could add 
hundreds of pounds of weight to your antenna. Needless to say, 
beam elements break, wires snap, support poles and masts bend, 
and usually some damage results. ai 

The weight from the ice is only one aspect of a larger over 
hazard. First, when the ice does finally melt, it falls to the eran 
(hopefully). Falling ice from a beam 50-feet high can seriou 
hurt or even kill a person. High-school physics tells us Bie if you E 
Standing in your yard when heavy ice loading isibegimus to ae 
loose and fall, those chunks come in your direction at a velociy C 
32-feet-per-second squared! Even if you see it coming, pee - : 
almost impossible. It is absolutely necessary that everyone be kep 
clear from underneath antennas if ice has formed on then 

The second hazardous aspect of ice formation 2 the ee _ 
the antenna surface wind-loading area. A typical medians an a 
has a surface area of about 6-square feet. Add an inch of ice as 
Tribander and the surface area could increase to 18-square feet. For- 


Ice on guy wires looks 
pretty. Beware: It is ex- 
tremely dangerous. 


“Several hours duration of 
freezing rain could add 
hundreds of pounds of 
weight to your antenna. 
... beam elements break, 
wires snap, support poles 
and masts bend, .. .” 


“Falling ice from a beam 
50-feet high can serious- 
ly hurt or even kill a per- 
son.” 


| 


“If the amateur must ven- 


ture outside when ice is 


present on his antennas, a 


hard hat is mandatory .. . 


“An ice- or wind-damaged 
antenna must be repaired 
as quickly as possible after 
weather conditions per- 


mit.” 


Lightning 
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tunately, though, wind surface area is unimportant if there is no sig- 
nificant wind. It is when high winds and heavy icing occur at the 
same time that the most destructive conditions exist. Not quite as 
destructive, but equally dangerous, is a period of melting during 
wind velocities of 10-15 mph or more. Under these conditions, the 
ice doesn’t fall straight down from the antenna. It may end up 50 
feet or more from the base of the tower or from the antenna when it 
finally hits the earth. 

If the amateur must venture outside when ice is present on his 
antennas, a hard hat is mandatory (a football helmet serves the same 
purpose, perhaps is even better). There is a great deal of temptation 
to shake tower guy wires and ropes when the ice begins to melt 
thereby freeing the antenna from the intense weight. Resist the urge! 
A broken antenna can be repaired later. 

Never, under any circumstances, should the amateur climb a 
tower which has ice present on it. The stepping cross braces will be 
slippery and falling ice could injure the climber. 

An ice- or wind-damaged antenna must be repaired as quickly as 
possible after weather conditions permit. A broken antenna is un- 
sightly in the neighborhood, but more important, it could present a 
safety problem if some part should fall at an unexpected time. 

Many amateur antenna systems are covered by their home- 
owners insurance. If an antenna is broken during foul weather and an 
insurance claim is to be made, be sure to advise the insurance com- 
pany before taking corrective action. Photographs serve well to docu- 
ment a loss. In the event the antenna is presenting a hazard to the 
neighborhood, which is probably the case, be sure to advise the in- 
surance agent so that he may send an adjuster quickly. In some cases, 
the insurance carrier will allow you to dismantle the broken antenna 
before the company inspects the system. If you declare your antenna 
condition to be a hazard to the surrounding property and people, no 
doubt the insurance agent will let you take it down immediately and 
make settlement later. After all, he doesn’t want to be in the position 
of paying further claims, especially for personal injury! 


The biggest common threat to the amateur station comes from sun 
mer lightning storms. One important fact must be understood by the 
amateur station owner: There is no absolutely foolproof protection 
against a lightning stroke. But the more precautions we take, the less 


chance we have of sustaining damage to ourselves or the 


; : Amateur 
Radio station. 


Over the years, several articles have been written about the sub- 


——— 


« SSaDDTONae GROUND 
RODS. SEE TEXT FOR 
H PROPER POSITION. 
1 
BENDS PROVIDE A WAY TO GO 
AROUND FIXED OBJECTS SUCH 
AS TREES AND BUILDINGS AND 
DO NOT DEGRADE PERFORM- 
ANCE OF THE RADIAL SYSTEM. 


Fig. 1 — Radials from the ground rod help considerably reduce the resistance 
Path to ground. 


ject and published in the journals. See Chapter 13. Those articles are 
recommended reading for every amateur who owns an antenna. 

There are two components to lightning which should be under- 
Stood from the outset. The extremely high voltage typical of a light- 
ning stroke causes the energy to jump from component to compo- 
nent until it finds a suitable ground. The other aspect of lightning is 
the extremely high currents produced as a result of the high voltage. 
A conductor passing lightning current can heat so quickly it will ex- 
plode. 

The most important single thing an amateur can do is to assure 
the best possible ground system outside of the hamshack. It is when 
lightning finds a ground path inside the radio room that havoc takes 
place. An extremely good ground at a tower base is necessary. Some 
feedlines, like coax cable, are suitable for forming a restrictive path 
for lightning energy. See the photograph. Because lightning doesn’t 
turn corners very well, the philosophy is to allow the most straight 
conductors to the ground system while placing a number of turns 
and bends in conductors going to the radio equipment. 

Providing a good electrical ground is not always an easy task. A 
truism: The better the ground, the better the protection. A radial 
system of heavy conductors from the tower base is an excellent way 
to begin. See Fig. 1. Guy wire of the type used to support a tower is 


“The most important sin- 


gle thing an amateur can 
do is to assure the best 
possible ground system 


outside of the hamshack.” 
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A coil of coax cable taped to 
the tower legs provides some 
degree of lightning protection. 
Lightning tends to travel in 
straight lines and the coil 
offers resistance. 


A cable-entry method for easy 
disconnect. 


 ————————— 
recommended. A 6- to 10-foot steel or copper rod is in order. Place 
one at the base of the tower. Additional protection is assured by us-' 
ing several more ground rods along the radial conductors. A rule of 
thumb is to keep ground rods at least 10 feet apart, otherwise two 
rods will act as one. Tower guy wires must also be grounded, es- 
pecially if large insulators are used to break up resonances. 

A common mistake made by amateurs is driving a ground rod in 
the hole used for a tower base before the concrete is poured. That’s 
forbidden! Lightning may not be allowed to take a path through a 
tower base to find ground. The instantaneous heating of the onda 
tor under direct-stroke conditions could cause the base material to 
explode. That’s not a very good situation, especially for self-support- 
ing poles and towers. Likewise, ground must be provided around the 
guy-wire anchor points. 

A lightning charge which follows the feedline must be passed to 
ground before it reaches the shack or equipment. Some commercially 
manufactured devices help provide some protection. Hy-Gain Elec- 
tronics manufactures two models, LA-1 and LA-2, which may be in- 
serted in series with the coaxial feedline. They are designed for re- 
ducing static buildup during storms and may reduce the possibility of 
severe damage under direct-stroke conditions. 

Some coax feedline switches and Transmatch units advertise 
lightning protection. They ground antennas when they are not being 
used. One antenna coupler on the market today even has a Fronts 
panel switch position called “lightning protection.” The amateur 
must be cautioned against believing a switch wafer will carry light- 
ning-stroke currents. It won’t. As additional protection owe ana 
beyond a good outside grounding system, it functions well. But to 
depend on ; Ses switch or a Transmatch as the only protection 
would be a big mistake. 

The best way to prevent lightning from reaching the radio room 
is to remove the feedline from the room itself. This isn’t always diffi- 
Benes ; Sas 

Seti ante oe 
cable entry which may be easily Pe car ses is poril 
this particular installation, the coax cabl ieee Se ie 
through a garage area to a point — ie ee oo 
; 1ey fasten to the bulkhead 

connectors. Disconnection from the garage side of t] i 
board is easy. Because the cables remair i peli 
gine n indoors (even though it is 
a garage), weather sealing is not necessary. This is not a Herfont solu- 


tion to the problem. It would be better to have the feedlines com- 


pletely outside of the building. But it’s far better to have them ter- 


en 
| 
minate in the garage space than in the ham shack living area. 

Open-wire and Twinlead need special treatment where they 
enter the shack. Feedthrough insulators are ideally suited to this sit- 
uation, Since open-wire requires no weatherproofing, it is a simple 
matter to disconnect the outside connections and let the open-wire 
dangle outside of the building. That’s the best protection. Second 
best is to provide a “spark-gap” discharge path for the open-wire or 
Twinlead. This device provides the additional feature of discharging 
static build-up on the feedline so pronounced during snow or rain- 
storms. Both snow and rain static can cause the gap to are. And that 
should be a warning to all users of open-wire and Twinlead. Don’t 
touch the feedline during rain and snow. The shock from static is 
very unpleasant. 

Rotor and control cables entering the radio room should be 
considered as lightning paths, just like feedlines. Since control volt- 
ages are usually low, ordinary plugs and sockets may be used for 
quick disconnection. Five turns of rotor-control cable taped to a leg 
where it leaves the tower is a good practice. 

During the yearly peak-storm months, the best procedure is to 
keep all antennas disconnected from radio equipment unless they are 
actually being used. In addition, during nonuse periods, it is wise to 
pull out all of the equipment AC cords. While this may be a nuisance, 
the procedure breaks up one common tie point for equipment. One 


side of the house AC power line is considered a good ground. You 
don’t want lightning to find that ground! 


“Rotor and control cables 


entering the radio room 
should be considered as 


lightning paths, just like 
feedlines.” 


WARNING: Avoid these! 
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Power for Outside- 
Mounted Accessories 


“The only safe way to 
work on the system at 
the top of your tower is 
to pull the control-box 


AC cord before climbing.” 
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While it might be considered common sense, it should be em- 
phasized that Amateur Radio operations must be curtailed at the first 
sight of an approaching storm. If you see lightning flashes in the sky 
or hear thunder, it’s time to terminate operations. If you normally 
use headphones, and the shack is void of windows to the outside, il’s 
best to have a family member alert you if they detect thunderstorm 
activity. 

What does one do if a storm comes as a surprise and the feed- 
lines are still connected to the equipment? Should they be discon- 
nected? Given the choice between having your equipment destroyed 
by lightning, or holding the feedline when a static discharge takes 
place, the choice must be clear. Stay away from the radio room and 
the radio equipment but have your fire extinguisher handy. 


In addition to transferring rf power from the transmitter to the an- 
tenna, the amateur also is interested in having power available for 
accessory components mounted outside. Relay- and rotor-control 
cables require some special attention if safe operation is to be as- 
sured. 

Antenna rotors and relays requiring 117 volts of AC for activa- 
tion should be avoided where possible. Most relays used for antenna 
switching are available in low-voltage coils. Six- or 12-volts dc is 
recommended. A few rotors, however, are powered by the normal 
117-volt line used to operate the control box. The advantage for us- 
ing 117-volts AC is that a control-box transformer isn’t needed and 
with this high voltage, lower current is needed by the rotor thereby 
reducing the voltage drop caused by cable resistance. Of course, the 
disadvantage is that a dangerous voltage is present at the top of the 
tower. The only safe way to work on the system at the top of your 
tower is to pull the control-box AC cord before climbing. Be Pre you 
do. And make sure no one in the shack plugs it in while you are 
working on it! 

Routing of cables outside needs to be done with care if 117 
volts of AC is being used. Placement of the cable should assure no one 
can accidentally cut it while trimming hedge (and things of a similar 
nature including lawn care with a power mower). If splices are need- 
ed, they should be treated for weather protection so that electrical 
tape doesn’t come loose exposing bare conductors. The cable should 
be taped securely to things it comes in contact with to avoid any 
(| Sa ane 
tower: If the “hot” side of the nee isi at properly grounded 

Ine should come in contact 
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with a properly grounded tower, a house fuse should blow out. 


Here is a list to review the key safety precautions for the amateur an- 
tenna installation covered in this chapter. 

1) Keep tag ends of supporting ropes for dipoles, etc., out of 
the reach of children. 

2) Be sure all antennas and feedlines are at least 10 feet above 
the ground, unless they are secured to a fixture which people 
wouldn’t normally contact. 

3) Tower guy-wire anchors should be situated away from walk- 
ing traffic patterns. It’s wise to plant a large bush next to the anchor 
to avoid someone tripping over it. 

4) The lowest 5 feet of a tower should be wrapped with fine 
screening or similar material to assure no one can climb it. 

5) Avoid power lines and telephone poles. 

6) Provide an outside proper ground for all antennas. 

7) “Loop” all turnbuckles to prevent them from untwisting 
(caused by vibrations). (See page 149.) 

8) Take positive action to assure no one can come in contact 
with antennas or feedlines. 

9) Conduct a periodic safety inspection of your system and re- 
pair any faulty hardware immediately. 

10) Be sure all family members are aware of the dangers caused 
by falling ice. 

11) Have a fire extinguisher available in the radio room. 

12) Structure your station layout to have one switch which will 
shut off all the station power at once and be sure the family knows 


where it is located. 


Safety Precautions 
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Antenna Article Listing 
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gazines 


| he author wishes to thank the publishers of Ham Radio Magazine, 
QST and 73 Magazine for their permission to offer this index listing. 


Back issues are usually available from the publishers. 


Ham Radio Magazine 


General 


Antenna Control, Automatic 
Azimuth/Elevation for Satel- 
lite Communications 
(WA3HLT): 26, Jan. 75 
Correction: 58, Dec. 75 

Antenna dimension (HN) 
(WA9JMY): 66, Jun. 70 

Antennas and Capture Area 
(KOMIO): 42, Nov. 69 

Antenna and Control-Link Cal- 
culations for Repeater Li- 
censing (W7PUG): 58, Nov. 
73 


Short Circuit: 59, Dec. 73 

Antenna and Feedline Facts 
and Fallacies (W5JJ): 24, 
May Ge 

Antenna Design, Programmable 
Calculator Simplifies (HN) 
(W3DVO): 70, May 74 

Antenna Gain (letter) 
(W3AFM): 62, May 76 


Antenna Gain, Measuring 
(K6JYO): 26, Jul. 69 

Antenna Wire, Low-Cost Cop- 
per (HN) (W2EUQ): 73, 
Feb. 77 

Anti-QRM Methods (W3FQ)J): 
50, May 71 

Bridge for Antenna Measure- 
ments, Simple (W2CTK): 
34, Sept. 70 

Cubical Quad Measurements 
(W4YM): 42, Jan. 69 

Dipole Center Insulator (HN) 
(WA1ABP): 69, May 69 

Diversity Receiving System 
(W2EEY): 12, Dec. 71 

Dummy Load and RF Watt- 
meter, Low-Power (W20LU): 
56, Apr. 70 

Dummy Load, Low-Power VHF 
(WB9DNI): 40, Sept. 73 

Effective Radiated Power (HN) 


Antenna Article Listing 


(VE7CB): 72, May 73 

Feedpoint Impedance Charac- 
teristics of Practical Antennas 
(W5JJ): 50, Dec. 73 

Filters, Low-Pass, for 10 and 15 
(W2EKY): 42, Jan. 72 

Gain Calculations, Simplified 
(W1DTV): 78, May 78 

Gain vs, Antenna Height, Calcu- 
lating (WB8IFM): 54, Nov. 73 

Gin Pole, Simple Lever for Rais- 
ing Masts (WA2ANU): 72, 
May 77 

Ground Screen, Alternative to 
Radials (WBOJGP): 22, May 
77 


Grounding, Safer (letter) 
(WASKTC): 59, May 72 
Ground Rods (letter) (W7FS): 

66, May 71 
Ground Systems, Vertical An- 
tenna(W7LR): 30, May 74 
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Headings, Beam Antenna 
(W6FFC): 64, Apr. 71 

Horizontal or Vertical (HN) 
(W7IV): 62, Jun. 72 

Impedance Measurements, Non- 
resonant Antenna(W7CSD): 
46, Apr. 74 

Insulators, Homemade Antenna 
(HN) (W7ZC): 70, May 73 

Isotropic Source and Practical 
Antennas (K6FD): 32, May 
70 

Lightning Protection (C&T) 
(WIDTY): 50, Jun. 76 

Line-of-Sight Distance, Calculat- 
ing (WBS5CBC): 56, Nov. 76 

Measurement Techniques for 
Antennas and Transmission 
Lines (W40Q): 36, May 74. 

Measuring Antenna Gain 
(K6JYO): 26, Jul. 69 

Mobile Mount, Rigid (HN) 
(VE7ABK): 69, Jan. 73 

Power in Reflected Waves 
(Woods): 49, Oct. 71 

Reflected Power, Some Reflec- 
tions on (VE3AAZ): 44, 
May 70 

Reflectometers (K1YZW): 65, 
Dec. 69 

RF Power Meter, Low-Level 
(WS5WGF): 58, Oct. 72 

Sampling Network, RF — the 
Milli-Trap (W6QJW): 34, 
Jan. 73 

Smith Chart, How to Use 
(WIDTY): 16, Nov. 70 
Correction: 76, Dec. 71 

Smith Chart, Numerical 
(W8MQW): 102, Mar. 78 

Standing-Wave Ratios, Impor- 
tance of (W2HB): 26, Jul. 73 
Correction (letter): 67, 
May 74 

Time-Domain Reflectometry, 
Practical Experimenter’s Ap- 
proach (WAQPIA): 22, 
May 71 

T-R Switch (K3KMO): 61, Apr. 
69 

Voltage-Probe Antenna 
(WIDTY): 20, Oct. 70 


176 = Chapter 13 


High-Frequency Antennas 


All Band Antenna Portable 
(HN) (W2INS): 68, Jun. 70 
All Band Phased-Vertical 
(WA7G XO): 32, May 72 
Antenna, 3.5 MHz, for a Small 
Lot (W6AGX): 28, May 73 
Antenna Potpourri (W3FQJ): 
54, May 72 
Antenna Systems for 80 and 40 
Meters (K6KA): 55, Feb. 70 
Army Loop Antenna — Revisi- 
ted (W3FQJ): 59, Sept. 71 
Added Notes: 64, Jan. 72 
Beam Antenna, Improved Tri- 
angular Shaped (W6DL): 20, 
May 70 


Beam for Ten Meters, Economi- 


cal (W1FPF): 54, Mar. 70 
Beverage Antenna(W3FQ)J): 
67, Dec. 71 
Bobtail Curtain Array 
(W8YFB): 81, May 77 
Bobtail Curtain Array, 40-Me- 
ter (VEITG): 58, Jul. 69 


Coaxial Dipole Antenna, Analy- 


sis of (W2DU): 46, Aug. 76 
Coaxial Dipole, Multiband (HN) 
(W4BDK): 71, May 73 
Collinear, Six-Element, for 
(WOYBE): 22, May 76 
Compact Antennas for 20 Me- 
ters (W4ROS): 38, May 71 
Conyerted-Vce, 80 and 40 Me- 
ter (W6JKR): 18, Dec. 69 
Corner-Fed Loop, Low Fre- 
quency (ZL1BN): 30, Apr. 
76 


Installation Modified: 41, 
Feb. 77 

Cubical Quad Antenna Design 
Parameters (K60PZ): 55, 
Aug. 70 

Cubical-Quad Antennas, Me- 
chanical Design of (VE3II): 
44, Oct. 74 

Cubical-Quad Antennas, Unus- 
ual (WIDTY): 6, May 70 

Cubical Quad, Improved Low- 
Profile, Three Band 
(W1HXU): 25, May 76 


Cubical Quad, Three-Band 
(WIHXU): 22, Jul. 75 

Curtain Antenna (HN) 
(W4ATE): 66, May 72 

Delta Loop, Top-Loaded 
(WIDTY): 57, Dee. 78 

Dipole, All-Band ‘Tuned 
(ZSOBT): 22, Oct. 72 

Dipole Antennas on Nonhar- 
monic Frequencies (HN): 
(W2CTK): 72, Mar. 69 

Dipole Beam (W3FQ]J): 56, 
Jun. 74 

Dipole Pairs, Low SWR 
(W6FPO): 42, Oct. 72 

Dipole Sloping Inverted-V ce 
(WONIF): 48, Feb. 69 

Double Bi-Square Array 
(WOFFF): 32, May 71 

Dual-Band Antennas, Compact 
(S6SAI): 18, Mar. 70 

DX Antenna, Single-Element 
(W6FHM): 52, Dec. 72 
Performance (letter): 65, 
Oct. 73 

Four-Band Wire Antenna 
(W3FQJ): 53, Aug. 75 

Ground-Plane Antenna: 
History and Development 
(K2FF): 26, Jan. 77 

Ground-Plane, Multiband (HN) 
(JAIQTY): 62, May 71 

Groundplane, Three-Band 
(LAIEI): 6, May 72 
Correction: 91, Dec. 72 
Footnote (letter): 65, 
Oct. 72 

High-Frequency Amateur An- 
tennas (W2WLR): 28, Apr. 
69 


High-Frequency Diversity An- 
tennas (W2WLR): 28, Oct. 
69 


Horizontal Antenna Gain At Se- 
lected Vertical Radiation 
Angles (W7LR): 54, Feb. 76 

Horizontal Antennas, Optimum 


Height for (W7LR): 40, Jun. 
74. 


Horizontal Antennas, Vertical 
Radiation Patterns 
(WAORQY): 58, May 74 
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Inverted-Vee Antenna (letter) 
(WBOAQF): 66, May 71 
Inverted-V ee Antenna, Modi- 
fied (W2KTW): 40, Oct. 71 

Inverted-Vee Installation, Im- 
proved Low-Band (HN) 
(W9KNI): 68, May 76 

Inverted Vee or Delta Loop, 
How to Add to Tower 
(K4D JC): 32, Jul. 76 

Large Vertical, 160 and 80 
Meters (W7IV): 8, May 75 

Log-Periodic Antenna, 14, 21 
and 28 MHz (W4AEO): 18, 
Aug. 73 

Log-Periodic Antennas, 7-MHz 
(W4AEO): 16, May 73 

Log-Periodic Antennas, Feed 
System for (W4AEO): 30, 
Oct. 74 

Log-Periodic Antennas, Graphi- 
cal Design Method for 
(W4AEO): 14, May 75 

Log-Periodic Antennas, Verti- 
cal Monopole, 3.5 and 7.0 
MHz (W4AEO): 44, Sept. 73 

Log-Periodic Beams, Improved 


(letter) (W4AEO): 74, May 
75 


Log-Periodic Beam, 15 and 20 
Meters (W4AEO): 6, May 74 
Log-Periodic Feeds (letter) 
(W4AEO): 66, May 74 
og-Periodic, Three-Band 
(W4AEO): 28, Sept. 72 
sonewire Antenna, New Design 
(K4EF): 10, May 77 
Lone-Wire Multiband Antenna 
(W3FQ]J): 28, Nov. 69 
Loop Antennas (W40Q): 18, 
Dec. 76 
Loop Receiving Antenna 
(W2IMB): 66, May 75 
Correction: 58, Dec. 75 
Loop-Y agi Antennas 
(VK2ZTB): 30, May 76 
Low-Band Antenna Problem, 
Solution to (W8YFB): 46, 
Jan. 78 
Ow-Mounted Antennas 
(W3FQJ): 66, May 73 
Mobile Antenna, Helically 


Wound (ZE6JP): 40, Dee. 
Dec. 72 

Mobile Color Code (letter) 
(WBOJFD): 90, Jan. 78 

Mono-Loop Antenna (HN): 
(W8BW): 70, Sept. 69 

Multiband Dipoles for Portable 
Use (W6SAI): 12, May 70 

Multiband Vertical Antenna 
System (WMNCU): 28, May 
May 78 

Phased Antenna (letter) (Thack- 
er, Jerry): 6, Oct. 78 

Phased Array, Design Your Ow 
Own (KIAON): 78, May 77 

Phased Array, Electrically-Con- 
trolled (WSTRS): 52, May 
75 

Phased Vertical Array, Fine Tu 
Tuning (W4F XE): 46, May 
May 77 

Phased Vertical Array, Four 
Element (W8HXR): 24, May 
May 75 

Quad Antenna, Modified 
(ZF1MA): 68, Sept. 78 

Quad Antenna, Multiband 
(DJ4VM): 41, Aug. 69 

Quad Antenna Repairs (HN) 
(K9MM): 67, May 78 

Receiving Antennas (K6ZGQ): 
56, May 70 

Satellite Antenna, Simple (HN) 
(WA6PXY): 59, Feb. 75 

Selective Antenna System Mini- 
mizes Unwanted Signals 
(W5TRS): 28, May 76 

Selective Receiving Antennas 
(W5TRS): 20, May 78 

Shunt-Feed Systems for Groun 
Grounded Vertical Radiators, 
How to Design (W40Q): 
34, May 79 

Simple Antennas for 40 and 80 
(W5RUB): 16, Dec. 72 

Sloping Dipoles (WSRUB): 19, 
Dec. 72 
Performance (letter): 76, 
May 73 

Small-Loop Antennas (W4Y OT) 
(W4YOT): 36, May 72 

Stressed Quad (HN) (WSTIU): 
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40, Sept. 78 
Stub Bandswitched Antennas 
(W2EEY): 50, Jul. 69 
Suitcase Antenna, High-Fre- 
quency (VK5BI): 61, Mqy 
May 73 
Tailoring Your Antenna, How 
to (KHOHDM): 34, May 73 
Telephone-Wire Antenna (HN): 
(KOTBD): 70, May 76 
Triangle Antennas 
(W3FQ]): 56, Aug. 71; 
(W6KIW): 58, May 72; 
(letter) (K4ZZV): 72, 
Nov. 71 
Triangle Beams (W3FQ]J): 70, 
Dec. 71 


Tuning Aid for the Sightless 
(HN) (W6VX): 83, Sept. 76 
Unidirectional Antenna for the 
Low-Frequency Bands 
(GW3NJY): 61, Jan. 70 
Vertical Antenna Radiation Pat- 
terns (W7LR): 50, Apr. 74 
Vertical Antenna 
Low-Band (W4IYB): 70, 
Jul. 72; Portable 
Portable (VA8NWL): 48, 
Jun. 78; 
Three-Band (W9BQE): 44, 
May 74; 
Improving Performance of 
(K6FD): 54, Dec. 7A; 
Performance Characteristics 
(W7LR): 34, Mar. 74. 
Vertical Beam Antenna, 80 Me- 
ter (VEITG): 26, May 70 
Vertical Dipole, Gamma-Loop 
Fed (W6SAI): 19, May 72 
Vertical for 80 Meters, Top- 
Loaded (W2MB): 20, 
Sept. 71 
Vertical Radiators (W40Q): 16, 
Apr. 73 
Vertical, Top-Loaded 80-Me- 
ter (VEITG): 48, Jun. 69 
Vertical-Tower Antenna System 
(W40Q): 56, May 73 
Windom Antenna, Four-Band 
(W4VUO): 62, Jan. 74 
Correction (letter): 74, 
Sept. 74. 
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Windom Antennas (K4KJ): 10, 
May 78 

Windom Antenna (letter) 
(KOKA): 6, Nov. 78 

Zepp Antenna, Extended 
(W6QVI): 48, Dec. 73 

ZL-Special Antenna, 
Understanding the 
(WAO6TKT): 38, May 76 

3.5-MHz Phased Horizontal Ar- 
ray (K4JC): 56, May 77 

3.5-MHz Free-Mounted Ground 
Plane (K2INA): 48, May 78 

7-MHz Antenna Array (K7CW): 
30, Aug. 78 

7 MHz Rotary Beam (W7DI): 
34, Nov. 78 

7-MHz Short Vertical Antenna 
(W8TY X): 60, Jun. 77 

14-MHz Delta-Loop Array 
(N2GW): 16, Sept. 78 

160-Meter Loop, Receiving 
(K6HTM): 46, May 74. 

160-Meter Vertical, Short- 
ened (HN) (W6VX): 72, 
May 76 

160 Meters with 40-Meter Ver- 
tical (W2IMB): 34, Oct. 72 


VHF Antennas: 


Antennas for Satellite Com- 
munications, Simple 
(K4GSX): 24, May 74 

Circularly-Polarized Ground- 
Plane Antenna for Satellite 
Communications (K4GSX): 
28, Dec. 74 

Collinear Antenna for 2 Meters, 
Nine-Element (W6RJO): 12, 
May 72 

Collinear Antenna (letter) 
(W6SAI): 70, Oct. 71 

Collinear Array for 2 Meters, 
Four-Element (WB6KGF): 6, 
May 71 

Collinear Antenna, Four-Ele- 
ment 440-MHz (WA6HTP): 
38, May 73 

Collinear, 6 Meter (KAERO): 
59, Nov. 69 

Converting Low-Band Mobile 
Antenna to 144-MHz (HN) 


178 Chapter 13 


(K7ARR): 90, May 77 
Corner Reflector Antenna, 432 
MHz (WA2FSQ): 24, Nov. 71 
Cubical Quad, Economy 6-Me- 
ter (W6DOR): 50, Apr. 69 
Feed Horn, Cylindrical, for 
Parabolic Reflectors 
(WA9HUY): 16, May 76 
Ground Plane, 2-Meter, 0.7 
Wavelength (W3WZA): 
40, Mar. 69 
Ground Plane, Portable VHF 
(HN) (K9DHD): 71, May 73 
Log-Periodic, Yagi Beam 
(K6RIL, WOSAI): 8, Jul. 69 
Correction: 68, Feb. 70 
Magnet-Mount Antenna, Por- 
table (HN) (WB2Y YU): 67, 
May 76 


Magnetic Mount for Mobile An- 


tennas (WOHK): 52, Nov. 78 
Matching Techniques for VHF/ 


UHF Antennas (W1JAA): 50, 


Jul. 76 

Microwave Antenna, Low-Cost 
(K6HIJ): 52, Nov. 69 

Mobile Antenna, Magnet- 
Mount (W1HCI): 54, Sept. 
75 

Mobile Antenna, 6-Meter (HN) 
(W4PSJ): 77, Oct. 70 

Mobile Antennas, VHF, Com- 
parison of (W4MNW): 52, 
May 77 

Moonbounce Antenna, Practi- 
cal 144-MHz (K6HCP): 52, 
May 70 


Multiband J Antenna(WB6JPI): 


74, Jul. 78 

OSCAR Antenna, Mobile (HN) 
(W60AL): 67, May 76 

OSCAR Az-El Antenna System 
(WAINXP): 70, May 78 

Parabolic Reflector Antennas 
(VK8ATN): 12, May 74. 

Parabolic Reflector Element 
Spacing (WA9HUY): 28, 
May 75 

Parabolic Reflector Gain 
(W2TQK): 50, Jul. 75 

Parabolic Reflectors, Finding 
the Focal Length (HN) 


(WA4WDL): 57, Mar. 74. 

Parabolic Reflector, 16-Foot 
Homebrew (WB6IOM): 8, 
Aug. 69 

Quad-Yagi Arrays, 432- and 
1296-MHz (W3AED): 20, 
May 73 
Short Circuit: 58, Dec. 73 

Simple Antennas, 14.4-MHz 
(WA3NFW): 30, May 73 

Switch, Antenna for 2 Meters, 
Solid-State (K2ZSQ): 48, 
May 69 

Two-Meter FM Antenna (HN) 
(WBOKYE): 64, May 71 

Vertical Antennas, Truth About 

5/8-Wavelength (KODOK): 48, 
May 74 
Added Note (letter): 54, 
Jan. 75 

Whip, 5/8-Wave, 144. MHz (HN) 

_(VE3DDD): 70, Apr. 73 

Yagi Antennas, How to Design 
(W1JR): 22, Aug. 77 

Yagi, 1296-MHz (W2CQH): 
24, May 72 

7-MHz Attic Antenna (HN) 
(W2ISL): 68, May 76 

10-GHz Dielectric Antenna 
(HN) (WA4WDL): 80, 
May 75 

144-MHz Vertical, 5/8-Wave- 
length (K6KLO);: 40, Jul. 74 

144-MHz Antenna, 5/8-Wave- 
length Built from CB Mobile 
Whip (HN) (WB4WSU): 67, 
Jun. 74 

144-MHz Collinear Uses PVC 
Pipe Mast (HN) (K8LLZ): 
66, May 76 

144-MHz Mobile Antenna (HN) 
(W2EUQ): 80, Mar. 77 

144-MHz Vertical Mobile An- 
tennas, 1/4 and 5/8 Wave- 
length, Test Data on 
(W2LTJ, W2CQH): 46, 
May 76 

144-MHz, 5/8-Wavelength Ver- 
tical (WIRHN): 50, Mar. 76 

144-MHz, 5/8-Wavelength, Ver- 
tical Antenna for Mobile 
(K4LPQ): 42, May 76 
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432-MHz High-Gain Yagi 
(K6HCP): 46, Jan. 76 
Comments, WOPW): 63, 
May 76 

432-MHz OSCAR Antenna 
(HN) (WIJAA): 58, Jul. 75 

1296-MHz Antenna, High-Gain 
(W3AED): 74, May 78 

1296-MHz Yagi Array 
(W3AED): 40, May 75 


Matching and Tuning 


Antenna Bridge Calculations 
(Anderson, Leonard H.): 34, 
May 78 

Antenna Bridge Calculations 
(letter) (W5QJR): 6, Aug. 78 

Antenna Coupler for Three- 
Band Beams (ZS6BT): 42, 
May 7 

Antenna Coupler, Six-Meter 
(K1 RAK): 44, Jul. 71 

Antenna Impedance Trans- 
former for Receivers (HN) 
(WONIF): 70, Jan. 70 

Antenna Instrumentation, 
Simple, (Repair Bench) 
(K4IPV): 71, Jul. 77 

Antenna Matcher, One-Man 
(W4SD): 24, Jun. 71 

Antenna ‘Tuner Adjustment 
(HN) (\ A4MTH): 53, Dee. 

SC.5) 

Antenna Tuner, Automatic 
(WAVAQC): 36, Nov. 72 

Antenna Tuner, Medium-Power 
Toroidal (WB2ZSH): 58, Jan. 
74, 


Antenna Tuner for Optimum 
Transfer (W2WLR): 28, May 
70 


Antenna Tuners (W3FQJ): 58, 
> 
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Antenna Tuning Units (W3FQJ): 


58, Jan. 73 
Balun, Adjustable for Yagi An- 
tennas, (W6SAI): 14, May 71 
Balun, Simplified (HN) 
(WAQKKC): 73, Oct. 69 
Broadband Balun, Simple and 
Efficient (W1JR): 12, Sep. 78 
Couplers, Random-Length An- 


tenna (W2EEY): 32, Jan. 70 

Dummy Loads (W4MB): 40, 
Mar. 76 

Feeding and Matching Tech- 
niques for VHF/UHF An- 
tennas (WIJAA): 54, May 76 

Gamma-Match Capacitor, Re- 
motely Controlled (K2BT): 
74, May 75 

Gamma-Matching Networks, 
How to Design (W7ITB): 46, 
May 73 

Impedance Bridge, Low-Cost 
RX (W8YFB): 6, May 73 

Impedance-Matching Baluns, 
Open-Wire (W6MUR): 46, 
Nov. 73 

Impedance-Matching Systems, 

Designing (W7CSD): 58, Jul. 
73 

Loads, Affect of Mismatched 
Transmitter (W5JJ): 60, 
Sep. 69 

Matching, Antenna, Two-Band 
with Stubs (W6MUR): 18, 
Oct. 73 

Matching System, Two-Capaci- 
tor (W6MUR): 58, Sep. 73 

Matching Transformers, Multi- 
ple Quarter-Wave (K3BY): 
44, Nov. 78 

Measuring Complex Impedance 
with SWR Bridge (WB4KSS): 
46, May 75 

Mobile Transmitter, Loading 
(W4YB): 46, May 72 

RX Noise Bridge, 
to (W6BXI, W6NKU): 10, 
Feb. 77 
Comments: 100, Sep. 77 

Noise Bridge Construction (let- 
ter) (OH2ZAZ): 8, Sep. 78 

Noise Bridge, Antenna 
(WB2EGZ): 18, Dec. 70 

Noise Bridge, Antenna (HN) 
(K8EEG): 71, May 74 

Noise Bridge Calculations with 
TI 58/59 Calculators 
(WD4GRI): 45, May 78 

Noise Bridge for Impedance 
Measurements (YAI1GJM): 
62, Jan. 73 


Added Notes: 66, May 74; 
60, Mar. 75, 

Omega-Matching Networks, 
Design of (W7ITB): 54, May 
78 


Phase Meter, Rf (VE2AYU): 
28, Apr. 73 

Quadrifilar Toroid (HN) 
(W9LL): 52, Dee. 75 

Stub-Switched, Stub-Matched 
Antennas (W2EEY): 34, Jan. 
69 


SWR Alarm Circuits (W2EEY); 
73, Apr. 70 

SWR Bridge (WB2ZSH): 55, 
Oct. 71 

SWR Bridge and Power Meter, 
Integrated (W6DOB): 40, 
May 70 

SWR Bridge Readings (HN) 
(W6FPO): 63, Aug. 73 

SWR Indicator, Aural, for the 
Visually Handicapped 
(K6HTM): 52, May 76 

SWR Meter (WB6AFT): 68, 
Nov. 78 

SWR Meter (W6VSV): 6, Oct. 70 

SWR Meter, Improving (HN) 
(W5NPD): 68, May 76 

T-Network Impedance Match- 
ing to Coaxial Feedlines 
(W6EBY): 22, Sep. 78 

Transmatch, Five-to-One 
(W7IV): 54, May 74 

Transmission Lines, Grid Dip- 
ping (HN) (W20LU): 72, 
Feb. 71 

Transmission Lines, VHF 
(WA2VTR): 36, May 71 

UHF Coax Connectors (HN) 
(W@LCP): 70, Sep. 72 


Towers and Rotators 


Antenna and Rotator Preven- 
tive Maintenance (WALARP): 
66, Jan. 69 

Antenna and Tower Restric- 
tions (W7IV): 24, Jan. 76 

Antenna Guys and Structural 
Solutions (W6RTK): 33, 
Jun. 78 

Antenna Mast, Build Your Own 
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Tilt-Over (WOKRT): 42, Feb. 
70 


Correction: 76, Sep. 70 
Az-el Antenna Mount for Satel- 
lite Communications (W2LX): 
34, Mar. 75 
Cornell-Dubilier Rotators (HN) 
(K6KA): 82, May 75 
Ham-M Modifications (HN) 
(W2TQK): 72, May 76 
Ham-M Rotator Automatic Posi- 


tion Control (WB6GNM): 42, 


May 77 

Pipe Antenna Masts, Design 
Data for (W3MR): 52, Sep. 74 
Added Design Notes (letter): 
75, May 75 

Rotator, AR-22, Fixing a 
Sticky (WALABP): 34, Jun. 
71 


Rotator for Medium-Sized 
Beams (K2BT): 48. May 76 

Rotator, T-45, Improvement 
(HN) (WAOVAM): 64, Sep. 
71 


Stress Analysis of Antenna 
Systems (W2FZJ): 23, Oct. 
71 


Telescoping TV Masts (HN) 
(WAMKKC): 57, Feb. 73 

Tilt-Over Tower Uses Exten- 
sion Ladder (WSTRS): 71, 
May 75 

Tower Guying (HN) (K9MM): 
98, Nov. 77 

Tower, Homemade Tilt-Over 
(WA3EWH): 28, May 71 

Tower, Wind-Protected Crank- 
Up (HN): 74, Oct. 69 

Towers and Rotators (K6KA): 
34, May 76 

Wind Loading on Towers and 
Antenna Structions, How to 
Calculate (K4KJ): 16, Aug. 
74 


Added Note: 56, Jul. 75 


Transmission Lines 
Antenna-Transmission Line 
Analog, Part 1 (W6UYH): 
52, Apr. 77 
Part 2: 29, May 77 
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Balun, Coaxial (WAMRDX): 26, 
May 77 

Coax Cable Dehumidifier 
(K4RJ): 26, Sep. 73 

Coax Connectors, Repairing 
Broken (HN) (WOHKE): 66, 
Jun. 70 

Coaxial Cable (C&T) (WIDTY): 
50, Jun. 76 

Coaxial Cable, Checking (letter) 
(W20LU): 68, May 71 

Coaxial Cable Connectors (HN) 
(WALABP): 71, Mar. 69 

Coacial-Cable Fittings, Type-F 
(K2MDO): 44, May 71 

Coaxial Connectors Can Gener- 
ate RFI (WIDTY): 48, Jun. 
76 

Coaxial Feedthrough Panel (HN) 
(W3URE): 70, Apr. 69 

Coaxial-Line Loss, Measuring 
with Reflectometer (W2VCI): 
50, May 72 

Coax, Low-Cost (HN) (K6BIJ): 
74, Oct. 69 

Coaxial Transmission Lines, 
Underground (W@FCH): 38, 
May 70 

Impedance Transformers, Non- 
synchronous (HN) (WS5TRS): 
66, Sep. 75 
Comments (W3DVO): 63, 
May 76 

Matching Transformers, Multi- 
ple Quarter-Wave (K3BY): 
44, Nov. 78 

Open-Wire Feedthrough Insula- 
tor (HN) (W4RNL): 79, May 
75 


Remote Switching Multiband 
Antennas (G3LTZ): 68, May 
We 


Single Feedline for Multiple 
Antennas (K2ISP): 58, May 
71 


Transmission Line Calcula- 
tions, Using Your Pocket 
Calculator for (WSTRS): 
40, Nov. 76 

Transmit/Receive Switch, 
Solid-State VHF-UHF 
(W4NHH): 54, Feb. 78 


Tuner, Receiver (HN) 
(WA7KRE): 72, Mar. 69 

Tuner, Wall-to-Wall Antenna 
(HN) (W20UX): 56, Dec. 70 

UHF Microstrip SWR Bridge 
(W4CGC): 22, Dee. 72 

VSWR Indicator, Computing 
(WBOCYY): 58, Jan. 77 
Short Circuit: 94, May 77 

Zip-Cord Feedlines (HN) 
(W7RXYV): 32, Apr. 78 

Zip-Cord Feedlines (letter) 
(WBOBHI): 6, Oct. 78 

75-Ohm CATV Cable in Ama- 
teur Installations (W7V K): 
28, Sep. 78 

75-Ohm CATV Hardline Match- 
ing to 50-Ohm Systems 
(KIXX): 31, Sep. 78 

Propagation 

Artificial Radio Aurora, Scat- 
tering Characteristics of 
(WBOKAP): 18, Nov. 74 

Echoes, Long Delay (WBOKAP): 
61, May 69 

Tonospheric E-Layer 
(WBOKAP): 58, Aug. 69 

Ionospheric Science, Short His- 
tory of (WBOKAP): 58, Jun. 
69 

Scatter-Mode Propagation, Fre- 
quency Synchronization for 
(K20VS): 26, Sep. 71 

Solar Cycle 20, VHIer’s View 
of (WASIY X): 46, Dec. 74 

Sunspot Numbers (WBOKAP): 
63, Jul. 69 

Sunspo ts and Solar Activity 
(WB6KAP): 60, Jan. 69 

Tropospheric-Duct VHF Com- 
munications (WBOKAP): 
68, Oct. 69 

6-Meter Sporadic-E Openings, 
Predicting (WA9RAQ): 38, 
Oct. 72 
Added Note (letter): 69, Jan- 
74 


Satellites 


Antenna Control, Automatic 
Azimuth/Elevation for Satel- 
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lite Communications 
(WA3HLT): 26, Jan. 75 
Correction: 58, Dec. 75 
Antenna, Simple Satellite (HN) 
(WA6PXY): 59, Feb. 75 
Antennas, Simple, for Satellite 
Communications (K4GSX): 


QST 


Antennas & 
Transmission Lines 


1978 


Aerial Performers of the Radio 
Circuits, The (Koerner): 
Part 1: 42, Nov. 78 
Part 2: 44, Dec. 78 

Antennas — Keeping Them Up 
(Ljongquist): 26, Aug. 78 

Basic Antenna Concepts (Dor- 
buck): 18, Jun. 78 

Build This Novice Four-Band 


Vertical (Anderson): 16, Jun. 


78 
Technical Correspondence: 
35, Oct. 78 


Canadian Wonder, The (Barrett): 


18, Oct. 78 
Designing a Vertical Antenna 
(Schulz): 19, Sep. 78 


Flagpole Deluxe, The (Schnell): 


29, Mar. 78 

Groundshade Antenna, The 
(Allen): 15, Jan. 78 

Inexpensive Multiband VHF 
Antenna, An (Geiser): 28, 
Dec. 78 

Long-Boom Quagi, The (Over- 
beck): 20, Feb. 78 
Technical Correspondence: 
34, Apr. 78 hie 

Series-Section Transmission- 
Line Impedance Matching 
(Regier): 14, Jul. 78 

Short Ground-Radial Systems 
for Short Verticals (Sevick): 
30, Apr. 78 

Twisted-Wire Quadrature Hy- 


24, May 74. 

Az-el Antenna Mount for Satel- 
lite Communications 
(W2LX): 34, Mar. 75 

Circularly Polarized Ground- 
Plane Antenna for Satellite 
Communications (K4GSX): 


brid Directional Couplers 

(Fisher): 21, Jan. 78 
Updating Phased-Array Tech- 

nology (Atchley): 22, Aug. 78 


1977 

Beat the Noise with a “Scoop 
Loop” (DeMAW): 30, Jul. 77 

Broadband, Steerable Phased 
Array (Fenwick and Schnell): 
18, Apr. 77 

Build This C-T Quad Beam for 
Reduced Size (Sparks): 29, 
Apr. 77 

Delayed Brake Release for 
Ham-II, A (White): 14, Aug. 
77 
Weedback: 20, Nov. 77 

Efficient Short Radiators 
(Gorski): 37, Apr. 77 

Evolution of a Quad Array 
(Landskov): 33, Mar. 77 

Hybrid 20-Meter Quad, A 
(Volpe): 42, Jan. 77 

Inexpensive Traps for Wire An- 
tennas (Mathison): 18, Feb. 
77 

Inverted-L Antenna, The (Lod- 
wig): 32, Apr. 77 

Invisible Rhombic, The 
(Stephenson): 38, Nov. 77 

Measuring Antenna Gain with 
Amateur Methods (Over- 
beck): 11, Oct. 77 

Multiband Vertical Radiator, A 
(Collins): 22, Apr. 77 

My Feed Line Tunes My Anten- 
na (Goodman): 40, Apr. 77 
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28, Dec. 74. 
OSCAR Antenna (C&T) 
(WIDTY): 50, Jun. 76 
OSCAR Antenna, Mobile (HN) 
(W6O0AL): 67, May 76 
OSCAR Az-el Antenna System 
(WALNXP); 70, May 78 


Novel Antenna Installations for 
a Sailboat, A (Ross-Clunis): 
17, Aug. 77 

160-Meter Monster Antenna, 

The (Ratkiewiez); 27, Sep. 
77 

Optimizing Vertical Antenna 
Performance (Beers); 15, Oct. 
77 

Quad Log-Periodic Fixed-Beam 
Antennas (Smith): 24, Apr. 
77 


Quarter-Wayelength Vertical for 
75 Meters, A (Frasier): 32, 
Sep. 77 

Slant-Wire Feed for Grounded 
Towers (Schulz): 22, May 77 

Weak-Signal Reception on 
160 — Some Antenna Notes 
(Boothe): 35, Jun. 77 

Low-Noise Receiving Antennas 
(DeMaw): 36, Dec. 77 


1976 


Aluminum Towers — Some 
Things to Watch For!: 41, 
Oct. 76 

Another Clif-Dweller Antenna: 
41, Mar. 76 

Another Look at Reflections 
(Maxwell) Part 7: 15, Aug. 76 

Antenna Feedthrough Method: 
41, Nov. 76 

Antenna Feedthrough Panel: 
34, Apr. 76 

Broadband Double-Bazooka 
Antenna — How Broad Is It. 
The?: 29, Sep. 76 
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Build a Baby Ultimate 
(DeMaw): 26, Feb. 76 

Cheapie GP, The (Rusgrove): 
31, Feb. 76 

Designing Small Vertical Anten- 
nas (Kozakoff): 24, Aug. 76 

Designing Trap Antennas: 38, 
Aug. 76 

Diode Antenna: 35, Nov. 76 

Disassembly of Tower Sections: 
35, Apr. 76 

Easy Side-Mount Fixture for 
Antennas: 73, Mar. 76 

Feed-Line Feedthrough: 41, 
Jul. 76 

Fishing for a Place to Store 
Your Mobile Antenna?: 41, 
Oct. 76 

Fold-Over Tower, New Ap- 
proach: 36, May 76 

Further Data for Your Quad- 
vs.-Y agi Discussions: 31, Sep. 
76 

Ham-M Brake Modification: 45, 
Feb. 76 

Ham-M Delayed Braking: 40, 
Sep. 76 

Hy-Tower Loading Coil: 40, 
Jul. 76 

Impedance of Short Horizon- 
tal Dipoles (Dome): 32, Jan. 
76 

Improving Earth-Ground Char- 
acteristics (Hoestenbach): 
16, Dec. 76 

Linear Loaded 20-Meter Beam 
(Collinge): 18, Jun. 76 

Log-Y agi Array (Rhodes & 
Painter): 18, Dec. 76 

Loops vs. Dipole — Analysis 
and Discussion (Belcher 
& Casper): 34, Aug. 76 

Multiband Phased Vertical Ar- 
ray, A (Baume): 28, Feb. 76 

Open-Wire Spreader Source: 43, 
Aug. 76 

Optimum Ground Systems for 
Vertical Antennas (Stanley): 
13, Dec. 76 

RF-Sensed Antenna Changeover 
Relay (DeMaw & Rusgrove): 
21, Aug. 76 
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Side-Mount Rotator for a Large 
HF Array (Ashcraft): 17, 
Nov. 76 

Simple Broadband Matching 
Networks (Sevick): 20, Jan. 
76 

The Tower Shield (Springfield 
& Ely): 26, Sep. 76 

UHF Antenna Ratiometry 

(Knadle): 22, Feb. 76 
Feedback: 57, Apr. 76 

Using 75-Ohm Line in a 50- 
Ohm System: 34, Apr. 76 

360°-Steerable Vertical Phased 
Arrays (Atchley, Stinehelfer 
& White): 27, Apr. 76 

40-Meter Triangle, The (Self): 
31, May 76 


Hints & Kinks 

Coaxial Cable Straps: 45, Feb. 
76 

Installing Ground Rods: 40, 
Oct. 76 

Lightning Arrestors From 
Spark Plugs: 35, May 76 

Steel Pipe Sizes and Strengths: 
42, Dec. 76 

Using 75-Ohm Line in a 50- 
Ohm System: 34, Apr. 76 


Measurements & Test 

Equipment 

PEP Wattmeter — ala Heath 
(Rice): 30, Dec. 76 


1975, 


Another Method of Shunt Feed- 
ing Your Tower: 25, Oct. 75 

Apartment Dweller’s Antenna: 
44, Jan. 75 

Build Your Own Variable Cap- 
acitors (Rusgrove): 22, 
Noy. 75 

Calculating Antenna Turning 
Radius: 45, Sept. 75 

Custom-Made W eatherproof 
Enclosures: 45, May 75 

Four-Element Vertical Beam 
for 40/15 Meters (Botts): 
30, June, 75 


HF Discone Antenna (Belrose): 
11, July 75 

Inexpensive Capacitors for Trap 
Dipoles: 45, May 75 

Method for Phasing Crossed 
Yagis for Circular Polori- 
zation (Nose): 15, Sept. 75 

Pattern Factors for Elevated 
Horizontal Antennas Over 
Real Earth (Landskov): 
19, Nov. 75 

Resistive Antenna Bridge 
Simplified (Sevick): 
17, Nov. 75 

Shunt Feeding Towers for 
Operation on the Lower 
Amateur Frequencies 
(Cunningham): 22, Oct. 75 

Simple Fixed Direction Quad 
(Bacher) 23, Jan. 75 

Stacked Multiband Vertical for 
80-10 Meters (Richartz): 
44. Feb. 75 

Stub Tuning Systems for Quad 
Antennas (Kaufmann & 
Kopec): 18, May 75 

Ten-Meter Swiss Quad, Miss- 
ouri Style (Ellison): 
17, Apr. 75 

Three-Band Matching System 
for a Forty-Meter Doublet: 
43, Jan. 75 

Winterizing VHF Mobile 
Antennas: 45, Sept. 75 

2-Meter FM Mobile and 
Portable Antennas 
(Tilton): 11, Nov. 75 


1974 


Antenna Performance Measure- 
ments (Turrin): 35, Nov. 74 
Constant Impedance Trap 
Vertical (Sevick): 29, Mar.74 
Discone Arrangements, Some 
Experiments on (Wintzer): 
9, Oct. 74 
Electronic Power Hoist, A 
Poor Man’s (Smith): 
38, July 74 
Fence Mount for Vertical 
Antennas (Klein): 30, Jul. 74 
Four-Band Whopper (Okleshen): 
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11, Apr. 74 

G-Line to Work, Putting the 
(Hatherell): 11, June 74 

Half-Square Antenna (Vester): 
11, Mar. 74 

Helically Wound Two-Element 
40-Meter Yagi (Myers): 
25, Feb. 75 

Long Helical Coils for Antenna 


Loading (Briggs): 23, Feb. 74 


Minooka Special (Boothe): 
15, Dec. 74 


Off-Center-Loaded Dipole 


Antennas (Hall): 28, Sept. 74 


Raising Large Antennas, A 
Simple Method of 
: 42, Mar. 74 

Reflections, Another Look at 
(Maxwell), Part V: 26, Apr 
74; Part VI: 11, Dec. 74 

Remote Antenna Switch 
(Lammers): 41, Aug. 74 

Simple 146-MHz Antenna for 
OSCAR Ground Stations 
(Davidoff): 11, Sept. 74 

Slinky Jr. Ant., Apartment 
Dweller’s (Peterson): 
22, Oct. 74 

Some Ideas on Antenna 
Couplers: 48, Dec. 74 

Twenty-Meter DX Weasel 
(Myers): 26, Oct. 74 

Two-Band Delta Loop Array 
for OSCAR (Simpson): 
11, Noy. 74 


1973 


Antenna Changeover System 


and Power Output Indicator: 


17, May 73 ; 
Antenna R otator, Automating 
the TR-44 (Sucker): 28, 
Az-El Antenna System for 
OSCAR (Nose): 11, June 73 
Bite Size Beam for 20 and 15 
Meters (Myers and Greene): 
11, Sept. 73 ; 
Crossed Yagi Antennas for 
Circular Polarization (Nose): 
21, Jan. 73 
Ground-Mounted Short 


Vertical (Sevick): 13, Mar.73 


Height Above Average Terrain: 
54, Jan. 73 
Inverted Dipole Delta Loop, 
160, 75 and 40 Meter 
(Van Zant): 37, Jan. 73 
Log-Periodic Dipole Array 
(Rhodes): 16, Nov. 73 
Mini Quad, The Folded 
(Blumer): 35, Feb. 73 
Novi-Loop Wire Antenna for 
40-Meter DXing: 20, Oct. 73 
Parabolic Antennas, Simple and 
Efficient Feed for: 42, Mar. 
Reflections, Another Look at 
(Maxwell), Part I: 35, Apr. 
73; Part Il: 20, June 73; 
Part Il: 36, Aug. 73; Part 
IV: 22, Oct. 73 
Reflectometer, An Inexpensive 
Time-Domain: 19, Mar. 73 
Repeater Antennas, Calculating 
Vertical Pattern of 
(Dorbuck): 24, Apr. 73 
Vertical Parasitic Array, A 
7-MHz (Jones): 39, Nov. 73 
Vertical System, A High Per- 
formance 20- 40- and 80- 
Meter (Sevick): 30, Dec. 73 
Wire Antennas, Putting Up 
(Foskett): 58, June 73 
20-Meter Delta Loop Beam, 
A Modified (Fleming): 
24, June 73 
40-Meter Quad, A Practical 
(Grillo): 28, May 73 


1972 


Antenna Coupling Unit for the 
WWVL Receiver (H&K): 47, 
Jun. 72 

Antenna Impedance by Direct 
SWR Measurement (Toia): 
22, Jun. 72 
Feedback: 34, Aug. 72 

Antenna Insulators From a Six- 
Pack (H&K): 53, Sep. 72 

(Antenna Mount), The Renter’s 
Delight (G&G) (Hatter & 
Weik): 30, Mar. 72 

Antenna Mounting, A 2-Meter 
5/8-Wavelength on a VW 
Fastback (H&K): 54, Jan. 72 


Antenna-Rotator Heater (H&K): 
47, Jun. 72 

Antenna Traps of Spiral Delay 
Line (Lattin): 13, Nov. 72 

Boom-to-Mast Fitting, A Cheap 
(H&K): 45, Jul. 72 

CB Whip + Mod. = 2-Meter 5/8- 
Wavelength Vertical 
(McCoy): 34, Jun. 72 

Center Insulators From Plastic 
Plumbing Tees (H&K): 57, 
Oct. 72 

Coax- and Indicator-Cable Sup- 
ports for Beam Antennas 
(Nose): 68, Apr. 72 

Coax Shield Separator (H&K): 
50, May 72 

DDRR Antenna, A Study of 
the (Dome): 27, Jul. 72 

Downspouts House Feed Lines 
(H&K): 49, Nov. 72 

Dual-Differential Capacitor for 
your Antenna-Tuning Net- 
work, Build a (Boyer): 22, 
Oct. 72 

Dual-Polarization DX Antennas 
(Stiles): 22, Mar. 72 

End-Fed Multiband Wires, A 
“Stretcher” for (Hanson): 
32, Jul. 72 
Feedback: 58, Sep. 72 

Guy Lines, Noninductive 
(H&K): 48, Feb. 72 

HF Resonant Dipole, A Closer 
Look at the (Vincent): 48, 
Oct. 72 ° 

Impedance Matching and the 
Mac Chart, Simplified 
(McAlister): 33, Dec. 72 

(Macromatcher, The) Bridge for 
Coax Lines, An Rf Imped- 
ance (Hall & Kaufmann): 14, 
Jan. 72 

Macromatcher on 160 Meters, 
Putting the (Tech. Corres.): 
57, Mar. 72 

Mobile-Antenna-Tuning Trick 
(H&K): 49, Feb. 72 

Mount A 2-Meter Antenna on a 
VW, Another Way to (H&K): 
48, Feb. 72 

Phased Verticals for 40 (Elliott): 
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18, Apr. 72 

Phased Verticals in a 40-Meter 
Beam-Switching Array 
(Myers & Hall): 36, Aug. 72 

Quad Saver (H&K): 52, Aug. 72 

Quad, Some Notes on a 7-MHz 
Linear-Loaded (Courtier- 
Dutton): 14, Feb. 72 

Quick-Change Plug for the 
Apartment Dweller’s Dilem- 
ma (H&K): 46, Dec. 72 

RF Matching Techniques, 
Design and Example Belcher) 
24, Oct. 72 

Reflections on ‘“‘Reflected 
Power” (Tech. Corres.): 46, 
Nov. 72 

Simple Trap Vertical, A, Four 
Bands on a Pole (Ljongquist): 
26, Sep. 72 

Standing-Wave Ratios and Di- 
rectional Wattmeter Readings 
(H&K): 57, Oct. 72 
Feedback: 33, Nov. 72 

Twelve-Foot Stressed Parabolic 
Dish, A (Knadle): 16, Aug. 72 

UHF Boom-to-Element Clamp, 
A (H&K): 48, Noy. 72 

Vertical Antenna for the 75- 
Meter Band, A Helically 
Wound (Ellingson): 32, Jan. 
i? 

Weatherproof Helical Antenna, 
Economical (H&K): 47, Jun. 
72 

Wire Rope, On the Care of 
(Tech. Corres.): 56, Sep. 72 

Yagi by WOEYE, 15-Element 
(World Above 50 Mc): 96, 
Jan. 72 

Zip Cord Special Antenna, A 
(H&K): 51, May 72 

2-Meter Garden-Gate Beam An- 
tenna (H&K): 49, Nov. 72 

20-Meter Vertical Beam, The 

W2FMI (Sevick): 14, Jun. 72 
220 MHz, A 10-Element Yagi 
(G&G)(Wooten): 24, Apr. 72 
$3 Push-up Mast for VHF, A 
(H&K): 56, Oct. 72 
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1971 


Anchors, Quick Antenna 
(H&K): 57, Oct. 71 

Antenna Adjustments from the 
Driver’s Seat (H&K): 51, 
Apr. 71 

Antennas and Ground Radials, 
Wire for (H&K): 50, Apr. 71 

Antenna Switching, Simplified 
(McCoy): 30, Apr. 71 

Antennas, Feeders and Trans- 
matches, Some Plain Facts 
About (McCoy): 33, May 71 

Antennas, The Apartment 
Dweller’s Dilemma (McCoy): 
34, Oct. 71 

Arrays of Vertical Elements, 
Simple (Lawson): 22, May 
71 

Balun, Switchable-Impedance 
(Tech. Corres.): 44, Jan. 71 

Bamboo Poles (H&K): 46, Feb. 
71 

Beam for Two Meters, Portable 
“Two-Toter” (Campbell): 
23, Jul. 71 


Bearing and Distance Calculator, 


A (Kopf): 11, Mar. 71 

Beam “On A Budget,” a 15- 
Meter (Daily): 41, Feb. 71 

DDRR Antenna, a 40-Meter 
(English): 28, Dec. 71 

Delta Loop on 15 or 10 Meters, 
The (H&K): 48, Mar. 71 

Dipoles, Radiated Power Pat- 
terns for Multiband (Coy- 
ington): 42, Noy. 71 

“Five For Five” (Two-Band 
Beam) (Kear): 40, Jan. 71 

“Five For Five” Antenna, More 
on the (Tech. Corres.): 46, 
Mar. 71 

Ground Rod Grounded?, Is 
Your (Tech. Corres.): 46, 
May 71 

Ground-Rod Installation, Easy 
(H&K): 46, Jan. 71 ‘ 

Ham-M Rotator Modification 
(H&K): 46, Feb. 71 

Heli-Rope Antenna, The 
(Tyskewicz): 32, Jun. 71 

Insulator for Rotatable Dipole, 


Center (H&K): 46, Feb. 71 

Prop-Pitch Rotor Control Cir- 
cuit (H&K): 42, Aug. 71 

Prop-Pitch Rotator, Rejuvenat- 
ing That Old (G&G)(Umber- 
ger): 36, Aug. 71 

Quad Arms, Plastic Tubing for 
(H&K): 49, Mar. 71 

Quad for Two, The Quickie 
(H&K): 46, Sep. 71 

Quad vs. Triband Yagi (Parrott, 
Jr,): 11, Feb. 71 

Rotors, Delayed-Action Brak- 
ing for, Antenna (G&G) 
(Myers): 42, May 71 

Squalo Mounting (H&K): 43, 
Aug. 71 

SWR Indicator for 2 Meters, a 
Power Bridge and (McCoy): 
37, Jul. 71 , 

SWR-Indicator Mounting 
(H&K): 50, Apr. 71 

SWR — What Does It Mean? 

_ (Thurston): 44, Nov. 71 

“Sky Hook,” The Down-To- 
Earth (G&G)(Freedom): 
22, Apr. 71 

T-Brace for Large Arrays 
(H&K): 51, Apr. 71 

Tower, A 42-Foot Crank-U p 
Fold-Over (G&G) (Weiler): 
36, 37, Jun. 71 

Tower, A Low-Cost Tilt-Over 

re (McCoy): 22, Nov. 71 

Tower, Inexpensive Crank-Up 
(H&K): 49, May 71 

Tower Safety , Additional Tips 
on (Tech. Corres.): 47, Mar. 


Transmatch Arcing (H&K): 43, 
Aug. 71 

Transmatch for Field Day, A 
(Blakeslee): 11, Apr. 71 

Two-Meter Egebeater Antenna, 
Omnidirectional (Thornburg 
& Kramer): 44, Apr. 71 

Vertical Antenna Square Array, 
A 75/80-Meter (Lawson): 18, 
Mar. 71 

Vertical Antenna with Coaxial 
Transformer, Inexpensive 


5/8-Wave (Tech. Corres.): 45, 
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Jan. 71 

Yagi Array for 50 MHz, A 5- 
Over-5 Stacked (Tilton): 22, 
Dec. 71 


1970 


Antennas for the Lower Fre- 
quencies, Short, Part | — 
Loading and the Use of Traps 
(Beers): 26, Aug. 70 . 
Part Il — Trap Construction 
and Adjustment; Some Appli- 
cations (Beers): 15, Sep. 70 

Antennas, High Versus Low 
(Overbeck): 20, Mar. 70 

Beam, A Lightweight 10- and 
15-Meter with 5 Elements on 
Bach Band (Fenwick): 34, 
May 70 
Feedback: 71, Sep. 70 

Beam Antenna, W8JK 5-Band 
Rotary (Kraus): 11, Jul. 70 

Beam, A Wide-Spaced Multi- 
element Tribander (Myers): 
33, Dec. 70 

Beam Indicator (H&K): 50, Jul- 
70 

Beams With Inverted-V Ele- 
ments (TC): 40, Nov. 70 

Balun, Using the HY-Gain BN- 
36 with the TA-33 (H&K): 
38, Mar. 70 
Feedback: 59, Jun. 70 

Delta-Loop Beam from Alumi- 
num, Bamboo, and Wire 
(Tech Corres.): 44, May 70 

Dipole, A 160-Meter Short 
(H&K): 46, Oct. 70 

Directional Couplers, U HF 
(Fisher & Turrin): 26, Sep. 
70 
Feedback: 100, Nov. 70 | 

Directivity (Vertical) of Hort 
zontal Antennas (Tech. 
Corres.): 54, Aug. 70 

Gain, Determining Antenna by 
Formula (Tech. Corres.): 50, 
Feb. 70 

Height Versus Performance An- 
tenna (Tech. Corres.): 44, 
Jun. 70 

Mast, A Sturdy 80-Foot 


(Walrod): 22, Feb. 70 

“Miniloop” Low-Frequency 
Antenna System, The (H&K): 
47, Feb. 70 

Mobile Antenna, The MABAV 
(Bridges): 23, Aug. 70 

Mobile Antenna, Simplified 
Construction of a 50-MHZ 
(H&K): 49, Feb. 70 

Mobile Whip, A 10-G (Rankin): 
39, Jun. 70 

Mobile Whips, VHF (Tilton): 
40, Jun. 70 

Noise Figure Versus Transmis- 
sion Line Loss (Tech. 
Corres.): 54, Apr. 70 
Part 2 (Tech. Corres.): 40. 
Noy. 70 

Noise Temperature Antenna 
(Tech. Corres.): 43, Jan. 70 

Noise Temperatures, More on 
Antenna (Tech. Corres.): 
55, Apr. 70 

Paul the Bunyan Whip, More on 
(Tech. Corres.): 44, Jan. 70 

Portable, Improved 75-Meter 
Performance for a Mobile 
Station (Lukoff): 24, Apr. 70 

Printed-Circuit Dipole Insulator 
(H&K): 52, Aug. 70 

Quad, A Two-Element 15-Meter 
for the Novice (Daebelliehn): 
30, Mar. 70 

Quard for 80 Meters, A Nearly 
Full Size, Rotatable, Two- 
Element (Hertzberg): 16, 
May 70 S 

Quad, Spider Mount: Simplified 
(H&K): 50, Dec. 70 

Radiation Patterns of V Dipoles 
Over Perfect Ground (Cov- 
ington): 46, Apr. 70 

Remote Tuning the Omega or 
Gamma Match: 52, Sep. 70 

Repeater Antenna, A Rugged 
2-Meter (G&G): 24, Jan. 70 
Feedback: 33, May 70 

Spreaders for Open-Wire Line 
(H&K): 53, Aug. 70 

Switch, A Coaxial with All Un- 
used Contacts Shorted to 
Ground (G&G): 33, Mar. 70 


SWR Meter, A QRP Console 
(DeMaw): 23, Sep. 70 
Tilt-Over Tower, Easy (H&K): 
57, May 70 
Towers, A Simple Safety Fea- 
ture for Crank-up (Nose): 
28, Mar. 70 
Tower Problems (H&K): 45, 
Apr. 70 
Tower Improvement, Tilt-Over 
(H&K): 53, Sep. 70 
Tower Legs, Sealing (H&K): 
50, Dec. 70 
Transmatch, The Ultimate 
(McCoy): 24, Jul. 70 
V Antenna, 160/80/75-Meter 
Broad-Band Inverted 
(Lawson): 17, Nov. 70 
Vertical (Antenna) for the 
Novice, A Two-Band 
(Arnold): 20, Sep. 70 
1.6 Contacts Per Square Foot 
of Real Estate (Nose): 56, 
Apr. 70 
5-Over-5 for Six, Antenna 
(50-MHz) (Linde): 36, Aug. 
70 


80-Meter DX, Antennas for 
(Dalton): 33, Jan. 70 


1969 


Antennas and Methods of Coup- 
ling, Limited Space (McCoy): 
24, Feb. 69 
Feedback: 21, Aug. 69 

Antenna Dimensions in Metric 
Units (Tech. Corres.): 45, Jul. 
69 

Antenna, Directly Driven Reso- 
nant Radiator (Tech. 
Corres.): 44, Nov. 69 

Antennas for Travel Trailers 
and Campers (Rand): 34, Mar. 
69 


Antenna for 80 and 40 Meters, 
A Novel (Handel): 40, Feb. 
69 

Antennas for 1296 MHz, Easily 
Constructed (Vilardi): 47, 
Jun. 69 

Antenna, Mobile (‘The Alpha 
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Special”) (Porsch): 26, Jul. 
69 


Antenna Relay Box (H&K): 46, 
Jul. 69 

Balun, A Neglected Form of 
(Tech. Corres.): 49, Apr. 69 

Balun Transformers, Applica- 
tion of Broad-band (Turrin): 
42, Apr. 69 
Feedback: 73, Nov. 69 

Beam Antenna, The Band 
Divider (Zavick and Hoff- 
man): 44, Dec. 69 

Beam, Mini, All-Driven Three- 
Element (Simpson): 35, May 
69 


Coaxial-Line Matcher for V.h-f. 
Use, A (Shriner): 20, Jul. 69 

Collinear Y agi Quartet (for 10 
Meters) (Clement): 11, Nov. 
69 

Corona, Mobile Whips and 
(Bittner): 50, May 69 

Delta-Loop Beam, The HRH 
(Habig): 27, Jan. 69 

Delta Loop Beam for 6 Meters 
(McCoy and Dean): 15, Sep. 
69 


Delta Loop Beam on 15, The 
(McCoy): 29, Jan. 69 

Delta-Loop Beam on 144. MHz, 
The (McCoy): 34, Apr. 69 

Delta-Loop Beam, Triband 
(Tech. Corres.): 52, Dec. 69 

Delta-Loop Beam Works DX, 
Six-Meter (Tech. Corres.): 
52, Dec. 69 

Dipole for 80 Through 10- 
Meters, A Coax-Fed Trap 
(McCoy): 37, Nov. 69 

Feed Lines, Slide-Rule Device 
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Computes Reflection and Dis- 
sipation in Antenna (“The 
‘Mega-Rule’”) (Smith): 24, 
Mar. 69 

Gamma Match, An Examina- 
tion of the (Healey): 11, 
Apr. 69 

Harmonics, Clean Up Your 
(McCoy): 32, Jun. 69 

Inverted-V Antennas Sans 
Long-Wire (Noll): 30, Aug. 
69 

Metering, RF Power In-Line 
(DeMaw): 11, Dec. 69 

Mobile Antenna, A Dual-Band 
(Pos): 34, Oct. 69 

MOEDRAS (Pressler): 56, Jul. 
69 


Monimatch for Checking Y our 
Antenna System, An Etched- 
Circuit (McCoy): 29, Oct. 69 

Monimatch Meter Indicator, 
Dual Control Required for 
Dual (Tech. Corres.): 52, 
Dec. 69 

Monimatch Modification for 
Operating Ease (H&K): 51, 
Sep. 69 

Phone Patching — Legitimately 
(Schleicher): 11, Mar. 69 

Preventing Rotator Freeze-Up 
(H&K): 47, Apr. 69 

Quad All-Weather (H&K): 50, 
Jun. 69 

Quad Element, A Triband One- 
Loop Cubical (Ruckert): 

50, Mar. 69 

Quad Element, More on the 
Triband One-Loop (Ruckert): 
49, May 69 

Raising Antenna (H&K): 51, 


Dec. 69 

Rotator, A Drive-Shaft Coup- 
ling Scheme for a Base- 
Mounted (H&K): 43, Nov. 
69 

Slotted Line for U.H.F. S.W.R. 
Checks (Tilton): 36, Jan. 69 

Swan Multidrive 2-Meter Anten- 
na, The (Tilton): 42, Oct. 69 

Tilt-Over Portable Tower, A 
(Field Day, Three Innovations 
for) (Overbeck): 39, Jun. 69 

Tower Safety (H&K): 50, Dee. 
69 


Transmatch, A 2-Meter with 
S.W.R, Indicator (G&G): 35, 
Feb. 69 
Feedback: 19, Apr.; 58, May 


Transmission Line Sections for 
R.F. Chokes and Bypassing 
(Moynahan): 4.9, Noy. 69 

Tower, Using a Grounded Tow- 
er on 160 Meters (Chatter- 
ton): 48, May 69 

Using a Leftover Rotator-To- 
Mast Flange as an Antenna- 
To-Mast Bracker (H&K): 44, 
Mar. 69 

Vertical Antenna, A Triband 
(Regier): 34, Dec. 69 

Vertical Antenna, Top Loaded 
for 40 (“The DX Gutter 
Getter’) (Gardner): 47, Jan. 
69 


Yagi, Compact End-Loaded 
Two-Element for 20 (“The 
W8 High Radio Frequency 
Short Beam’’) (Walsh): 16, 
Feb. 69 


SS 
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1978 

Tune Your Tower To 80/160 
(K9SOG): 118, Jan. 78 

The Extreme Basics of Anten- 
nas (K4SE/WA4DBG): 1 16, 
Feb. 78 

The $5 Magnetic Mount 
(WA2UM\V): 118, Feb. 78 

Keeping the Zap Out of the 
Shack (W7RG): 130, Feb. 78 

Can A Miniature Antenna 
Work? (W6AQM): 160, Feb. 
78 


The Powerful Grounded Anten- 
na (WS): 26, Mar. 78 

Meet the Plastic Wonder 
(KO XB/5): 58, Mar. 78 

A 2m Antenna for the Perfec- 
tionist (VB2AWG): 154, 
Mar. 78 

A Brass Horn For X-Band 
(WISNN): 164, Mar. 78 

Extended Double Zepp 
(W6TYH): 34, Jun. 78 

New Dipole Feeder (AAGAX): 
38, Jun. 78 

The Cliff-Dweller’s Delight 
(WA2UVC): 40, Jun. 78 

Wait Till You Try 16 Elements! 
(WA8FCA): 42, Jun. 78 

Working 15m With a 20m Beam 
(W8ZCQ): 46, Jun. 78 

A Better Feedthrough For 
Cables (WA8FCA): 50, Jun. 
78 

Resurrecting The Beverage An- 
tenna (W5USM): 52, Jun. 78 

How To Hang A Longwire 
(W5GN): 58, Jun. 78 

The “German” Quad (WD4CPK 
/DF3TJ): 60, Jun. 78 

Mobile in Disquise (K9MLD): 
62, Jun. 78 

Better Than A Quad 
(WAANWW): 64, Jun. 78 

The Perverted Double Vee An- 
tenna (W5VSR): 66, Jun. 78 


Towering Low Band Antennas 


(K30QF): 74, Jun. 78 

The 80 Meter Pile Crusher 
(W20ZH): 76, Jun. 78 

Phased Verticals For Easy DX 
(W1ZY/LAQBP): 82, Jun. 78 

The Miserly Magnetic Antenna 
(W2AZD): 86, Jun. 78 

The 75m DX Chaser Antenna 
(N4VD): 88, Jun. 78 

The Invisible Allband Antenna 
(WA4F YZ): 92, Jun. 78 

Who Says Verticals Don’t Work? 
(W2LFJ): 96, Jun. 78 

New Use For CB Antennas 
(WA2KBZ/JY9KS): 122, 
Jun. 78 

Confessions Of A Vertical 
Fanatic (KH6HDM): 134, 
Jun. 78 

The 21-Element Brown Bomber 
(W9CGI): 140, Jun. 78 

The Two Hour, Two Meter 
Beam (WB9TNW): 154, Jun. 
78 

The OSCAR Boppers (G3ZCZ/ 
W3): 160, Jun. 78 

The S-Meter Bender (W8HXR): 
170, Jun. 78 

Amazingly Simple Log Periodic 
Antenna (KIQAR): 174, 
Jun. 78 

Disguised Birdhouse Vertical 
(K5LUW): 178, Jun. 78 

Enjoy All Five Bands 
(W8F X/4): 32, Jul. 78 

Novice Guide To Phased Verti- 
cals (W8HXR): 48, Jul. 78 

The PVC Portable (WA6RJK): 
48, Aug. 78 

The Swiss Fork Special (Staff): 
90, Aug. 78 

The Sneaky J (W8FX/4): 
160, Aug. 78 

High Q Antennas (K4KI): 
68, Sep. 78 

The Ten Meter AM Antenna 
Special (W6RCL): 146, Sep. 
78 

Antenna Design: Something 


New! (W4FD, W4ATE): 282, 
Oct. 78 

The Schizophrenic Triangle 
(WA4JTJ): 44, Dec. 78 


1977 


What’s the Best Antenna for 
160? (WSUSM): 44, Jan. 77 

No-Wire Antenna Switch 
(WAMNUX): 142, Jan. 77 

The Mighty Magnet Mount An- 
tenna (WAIPDY): 168, Jan. 
77 

Antenna Magic (WBOHAF): 
174, Jan. 77 

Tune Up a Random Wire 
(VK6DX/VK6ZEH): 124, 
Feb. 77 

Remember the Windom! 
(W8HXR): 118, Mar. 77 

The Agonies of Tower Raising 
(WA2CGA): 126, Mar. 77 

The Boomless Microbeam 
(Staff): 134, Mar. 77 

The Downspout Vertical 
(K8ANG): 55, Apr. 77 

A Combiner for Your 2m 
Whip (ZL2AMJ): 119, Apr. 
77 


Improving the Dipole (Staff): 
156, Apr. 77 

Build a DDRR for Your Mobile 
(W5UKL/P): 92, May 77 

Quick Vertical (WBOKTH): 
117, May 77 

The London Bus Tuner (Staff): 
56, Jun. 77 

Try a Conduit Vertical 
(WB9DVY): 80, Jun. 77 

Introducing Autotrak! 
(W9CGI): 46, Jul. 77 

Dual Rhombic for VHF-UHF 
(W8DMR): 24, Aug. 77 

Centerfed Specials (KAMDK): 
30, Aug. 77 

Build a Double Bazooka 
K4KI): 36, Aug. 77 
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Dirt Cheap Directional Array 
(WA4BKO): 40, Aug. 77 
Take Cover! (WB5ASA): 44, 
Aug. 77 

Introducing the Intenna 
(Norman): 46, Aug. 77 

The Zeppy Vertical (KSGP): 
47, Aug. 77 

A Cure for Antenna Self- 


Destruct (W9TKR): 48, Aug. 


ue 
Quick Antenna Insulators 
(WB9JXU): 49, Aug. 77 
Raising a Tower? (WA7URL): 
50, Aug. 77 


Super Loop Antenna (W2FEZ): 


52, Aug. 77 
Rock Bottom 2m Antenna 
(W8FX): 54, Aug. 77 


Antenna Gain Facts (WSOBR): 


55, Aug. 77 

The 8JK Array Revisited 
(W3ZVT/4): 56, Aug. 77 

Tower Installation Techniques 
(W9JT): 58, Aug. 77 

An Ultimate Invisible Antenna 
(WB8MSV): 59, Aug. 77 

Mountaintop Special Antenna 
(W9VZR): 60, Aug. 77 

Fiery Endfed (WA6NCX/1): 
61, Aug. 77 

Build a Vacation Special 
(W8FX): 62, Aug. 77 

Apartment Antenna Specials 
(WA2ALT): 64, Aug. 77 

Mobile Antenna Tips 
(W2FEZ): 160, Sep. 77 

Home Brew Tilt-Over 
(W4MEA): 30, Oct. 77 


Try a Trapped Dipole (K4IFH): 


107, Oct. 77 

Novice Antenna Specials 
(W2FEZ): 110, Oct. 77 

A Kilowatt Alternative 
(WBOKTH/4): 66, Dec. 77 

Welding Rod Special Antenna 
(WASTSJ): 179, Dec. 77 


1976 


De-Strain Your Ham-M (K6BW): 
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26, Jan. 76 

Why Fight It? (WA®KKC): 
173, Jan. 76 

Save Money on Coax (W8HXR): 
181, Jan. 76 

The “Little Log” for 40 to 20m 
(VE4GS): 211, Jan. 76 

A Transmission Line Matcher 
(W5JJ): 46, Feb. 76 

Catch Big Ones — Fishpole 
Mobile (W4RHZ): 100, eb. 
76 

Alarm Foil Antennas 
(WB2NEL): 136, Feb. 76 

A $5 100 Watt Amplifier 
(VE6OB): 38, Apr. 76 

The Tuna-Two Traveler 
(W1RHN): 56, Apr. 76 

The Magnificent Seyens Micro- 
helix (Jacoby): 16, May 76 

An Allband Inverted Vee 
(WA5FGC): 22, May 76 

Squaring the Conical (Staff): 
24, May 76 

Secret Antennas for Cliff 
Dwellers (WA6PXY): 26, 
May 76 

The Novice Inverted Vee 
(W8HXR): 30, May 76 

Closed Loop Antenna Tuning 
(WASKPG): 32, May 76 

The 75-80m Broadbander 
(K2VGD): 34, May 76 

The Magic of a Matchmaker 
(W1CEJ): 38, May 76 

How to Coax Your Antenna 
(W6AGX): 40, May 76 

40m DXing — City Style 
(K8ANG): 42, May 76 

The Secret 2m Mobile Antenna 
(Staff): 44, May 76 

An Inverted Vee for 160/80m 
(K8ANG): 46, May 76 

The Dipole Dangler 
AS LACINEVOH): 48, May 
7 


5/8 Wave Power for Your HT 
(W8KUT): 118, May 76 

Aim Your Beam Right 
(WB4GVE): 122, Jun. 76 

Don’t Build This Project (Field 
Strength Meter) (W8LWS): 


79, Jul. 76 

Gain for Your HT (K3VNR): 
149, Jul. 76 

The Super Transmatch (Staff): 
150, Jul. 76 

Surprising Miniature Low Band 
Antennas — Part I (Boyer): 
28, Aug. 76 
Part Il (Boyer): 34, Sep. 76 

Can An Indoor Antenna Work? 
(Staff): 56, Sep. 76 

The Hybrid Quad (WB8VCS/5): 
48, Oct. 76 

Quickie Collinears for 15 and 
10 (K8ANG): 58, Oct. 76 

The Beam Saver (W6YUY): 
46, Nov. 76 

The Amazing Inverted L 
(K8ANG): 94, Nov. 76 

The ZF Special Antenna 
(ZF1IMA): 51, Dec. 76 

Exploding the Power Myth 
(W9IK/XE1ZX): 120, Dec. 
76 

Exploding the SWR Myth 
(G30GR): 122, Dec. 76 

The Amazing 18” Antenna for 
160m (W2NYU/WAIJJV): 
52, Hol., 76 

$25 for a Connector? You’re 


Crazy! (V9DOR): 56, Hol. 
76 


Tuning Those Big Antenna 


Coils (W6AGX): 127, Hol. 
76 


60’ Antenna on a 20” Lot 
(Collector and Emitter): 138, 
Hol. 76 

Kints and Hinks (2m Quarter 
Vad (VE3FEZ): 147, Hol. 


Catch Standing Waves 
(W6AGX): 151, Hol. 76 

Three for Two (K4TW]): 
160, Hol. 76 


1975 

Sixteen Log Periodics 
(W4AEO): 97, Mar. 75 

MultiBand Antennas Without 


STOO 
ET 


Tracks (W2EEY): 126, Mar. 
75 
Pete’s Dipole (WVA4NWM): 
95, Mar. 75 
The Double Inverted VEE 
(VKO6IZ): 91, Mar. 75 
Simple, Short 160M Antenna 
(W2NYU): 93, Mar. 75 
Mystery of Antenna Radiation 
(VE3DDS): 81, Mar. 75 
40M Inverted Vee Beam 
(WA7OET): 72, Mar. 75 
City Dweller’s MultiBand 
Antenna (W4ATE): 69, Mar. 
75 


Invisible Antenna Problems 
(WA8BHR): 61, Mar. 75 

6 dB at 450 MHz Vertical 

— (W5GDQ): 58, Mar. 75 

Small Loop 40M Antenna 

_ (WPPJG): 33, Mar. 75 

Secret of Antenna Gain 
(K2O0AW): 39, Mar. 75 

Twinlead Phased Array 
(WB2NQT);: 47, Mar. 75 

18” All Band Antenna 
(WOKGI): 49, Mar. 75 

80M Phased Array (W20ZH): 
52, Mar. 75 

The 5/16 Wave Antenna 
(K3VNR): 117, Apr. 75 

A 2M Collinear (K4NOC): 
111, Apr. 75 

15 Meter Quad on 20M 
(W2EEY): 105, Apr. 75 

Two Metering a Hustler 
(W3HTE): 96, Apr. 75 

The $2 Amplifier Antenna 
(W8DYF): 71, Apr- 75 

El Cheapo Superbeam 
(WAONLQ): 31, May 75 

You Can Work 75M DX (Beam) 
(WA6CPP): 101, May 795 

Three on Fifteen (WASCNG): 


123, Jun. 75 

Build an 11 dB Coatrack 
(WBODQC and WBOHKB): 
111, Jun. 75 


Gee, What’s a Zepp? (W3WLX): 


111, Jul. 75 
Vertical Antennas for the 


Novice (W8HXR): 119, Jul. 
75 


Really Zap Oscar with this 


Helical I (WB4V XP): 59, Jul. 


75 

Antennas for Oscar — What 
Really Works? (W3HUC): 
25, Jul. 75 

So You Want Front to Back 
Ratio? (K7PVZ): 147, Aug. 
(9 


How To Compact Multiband 


Dipoles (VE3GSP): 80, Aug. 
75 


The Oscar Zapper Il 
(WB4V XP): 12, Aug. 75 
40M DX Antennas The Easy 
Way (W8HXR): 78, Sep. 75 
The Oscar Zapper Ill 
(WB4YV XP): 83, Sep. 75 
The Sensuous Tuned Lunch 
Box (W2FEZ): 52, Nov. 75 
Feedline Primer (WALSNG): 
103, Nov. 75 


1974 
VHF 
TR-22 Antennas: 105, Jan. 74 
Newtronics CGT-144: 43, May 
74 
Long Squared Quad: 27, Jun. 
4 


Impedance Matching: 37, Jun. 
74 


Quad Antenna Feed Line: 52, 
Sep. 74 

Removable Mobile Ants: 55, 
Oct. 74 

2m Waterpipe Ants: 69, Oct. 74 

2m Mobile Ant: 77, Oct. 74. 


UHF 
Testing the 432’er: 77, Feb. 74 


Lowband 


$1000.00 Antenna: 77, Jan. 74 

20m Loop: 89, Jan. 74 

15 and 20m Vertical: 37, Feb. 
74. 

Poor Man’s Quad: 17, Jun. 74 

Ant. Load Indicator: 33, Jun. 
74 

Impedance Matching: 37, Jun. 
74, 

Antenna Coupler: 45, Jun. 74. 

Ground System for 160: 51, 
Jun. 74 

New Baluns: 59, Jun. 74 

Double Zepp: 61, Jun. 74 

Collinear Array: 61, Jun. 74 

Bi-Square Antenna: 61, Jun. 74 

Six Shooter Array: 62, Jun. 74 

Multiband Ground Plane: 63, 
Jun. 74 

Mod Quad: 65, Jun. 74 

Phased Array: 49, Jul. 74, 

Antenna Tuner: 55, Jun. 74, 

3 Wire Dipole: 113, Oct. 74 

Apartment Antenna: 121, Oct. 
74 

Dipole Tuning: 20, Nov. 74 

Wind Proof 20m Beam: 67, 
Nov. 74 

Double Stub Matching: 73, 
Nov. 74 

Attic Antenna: 142, Noy. 74 

Rhombies: 100, Dec. 74 
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Aluminum spreaders: 56 

Angle of radiation: 22, 23 

Antenna currents: 39 

Antenna directional properties: 
154. 

Antenna height: 24. 

Antenna pattern: 8 

Antenna performance eyalu- 
ation: 12] 

Antennas constructed of wire: 


43 


B 

Balanced coupler: 131, 137 

Balun: 41 

Balun transformer: 136 

Bamboo: 56 

Barker and Williamson mini- 
ductor: 136 

Bobtail array: 50 

Boom: 68 — 

Boom-to-mast plate: 70 

Bulk-head connectors: 37 


es 

Cable entry: 170 

Cable splicing: 36 

Cable testing: 37 
Capacitor spacings: 128 
Cellular (foam) insulation: 35 
Coax cable: 29 

Coaxial cable: 35 

Coaxial line RF choke: 41 
Collinear arrangement: 27 
Crank-up towers: 147 


Delta loop: 54 
Directivity: 20 
Double-extended Zepp: 62 
Driven element: 73 


Dual indication wattmeter: 140 


E-layer: 24 

Electrical circuit: 19 
Electrical length: 40 
Electromagnetic waves: 20 
Elements: 70 

Element taper: 71 
Equalizer plate: 149 


F 

Feedlines: 29 

Feedline cables, 
characteristics: 32 

Fiberglas: 56 

F-layer: 24 

Folded dipole: 10, 45, 46 

Fold-over towers: 147 

Four-element triband Quad: 6 

Front-to-back ratio: 9, 123 


G 


Galvanized water pipe: 70 

Gamma match: 73 

Gin pole: 148 

Grid-dip oscillator: 40 

Grounding: 152 

Ground-plane: ll 

Ground plane antenna: 11, 79, 
162 

Ground plane for 20,15 or 10 
meters: 81 

Guyed towers: 148 

Guy wire anchors: 150 


H 

Half-wave coaxial balun: 40 
Half-wave dipole: 9, 158 
Half-wavelength dipole: 20, 43 
Hardware dimensions: 68 

HF triband antenna: 14 


bo 


Hoist: 150 

Horizontal field-intensity 
pattern: 155 

Horizontal pattern: 8 


| 

Ice: 167 

Inverted V: 10 

Inverted Vee antenna: 47 
Ionospheric tilting: 24 
Isotropic radiator: 7 


J 


Johnson Matchbox: 132 


L 

Ladder line: 32 
Lightning: 168 
Link coupling: 134 


M 

Mast: 70 

Maximum usable frequency 
(MUF): 24 

Multiband antennas: 14 


O 

Open-wire: 32 

Operating bandwidth: 121 

Oscillator: 40 

Outside mounted accessories: 
172 

Overhead pattern: 21 


P 

Parallel-connected dipoles: 63 
Parallel feedline: 47 

Parasitic excitation: 11 
Phased verticals: 82 
Pi-network: 134 

PL-259 connector: 30 

Power gain: 9 
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ae 


Power lines: 165 

Practical ground station 
antennas: 157 

Preforms: 149 


Q 

Quad: 54 

Quad designs: 58 

Quad for three bands: 60 

Quarter-wavelength coaxial 
impedance transformers: 41 

Quarter-wavelength 
transformers: 42 

Quarter wavelength vertical: 10 


R 

Radials: 169 

Rain, wind and ice: 166 
Random-length long wire: 9 
RFI: 117 

RG- 8A: 31 

RG-11A: 31 

RG-17A: 31 

RG-58A: 29 

RG-59A: 31 

RG-174A: 29 

Rhombie: 15 

Ribbon rotator cable: 65 
R. L. Drake MN-2000: 142 
Rotators: 151 


Safety: 165 
Satellite operations: 153 
Self-supporting towers: 147 
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Simple Transmatch: 133 
Single-hop transmission: 24. 
Sloper: 10 

Sloping dipole: 48 

Spreader mounts: 58 

SWR: 38, 121 

SWR bridge: 129 

SWR chart: 144 


T 


Three-element monobander: 78 
Torsion assemblies: 14.9 
Tower manufacturers: 146 
Town zoning ordinances; 145 
Transmatch: 127 
Transmission lines: 29 
Triband two-element Quad: 59 
Trick antennas: 117 
Turnbuckles: 69, 149 
TVI: 117 
TV Twinlead: 34 
Two-band Yagi for the active 
Novice: 80 
Two-element Quad: 11 
Two-element wide-spaced 
Yagi: 76 
Two half wavelengths in phase: 
62 


U 


Unidirectional pattern: 27 
Universal Transmatch: 135 


V 


V beams: 10,15 


Velocity factor: 40 
Vertical angle: 8 
Vertical antenna: 28 
Vertical dipole: 10 
Vertical pattern: 8, 22 


Vibrating elements: 72 


W 

Wattmeter: 129 
Weatherproofing: 34 
Wind-load specifications: 146 
Wire loop: 11,52, 53 


Yagi: 12, 67 
Yagi design: 79 


4 


ZL-Special: 11, 61, 63 


1/2-inch alumifoam hardline: 
31 

3/4-inch alumifoam hardline: 
31 

4-element triband Quad: 62 

10-meter 4-element Yagi: 81 

10-meter Quad: 61 

10-meter Yagi: 77 

15-meter high-performance 
Yagi: 80 

20-meter 4-element wide- 
spaced Yagi: 79 

20-meter reflector: 72 

29-MHz ground station: 153 

40-meter Yagi: 75 
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You've never seen an antenna book quite like this! 
It tells you how to choose, use and build your antenna 
system. Here’s what you get: 
e How to build practical beams, quads and wire 
antennas 
e Computer-generated beam headings to every 
known country in the world 
Charts and tables to eliminate tricky calculations 


@ 

e Practical ideas for the newcomer 

e OSCAR antennas . 

© Complete bibliography of magazine articles on 
antennas 

e Antenna safety 


Trick antennas for portable work 

Tips on how to keep your antenna up 
First antenna book of its kind for the radio amateur. 
New format, big diagrams, easy-to-read text. And its 
completely brand new! 
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